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STATE OF NEW HAMPSHIRE. 



Office of the State Boakd of Health, 

State House, November 1, 1902. 
To His Excellency fhe Governor and the Honorable Council: 

I hiTC the honor to present herewith the seventeenth report of the 

State Board of Health. 

Respectfully submitted. 



9yin/n9 ^ /l^^tsan 
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Secretary, 



IV 



GENEEAL EEPORT. 



This report is intended to comprise the leading features of the work 
accomplished by the State Board of Health during the past biennial 
period, so far as the same may be properiy presented in a legislative 
document. 

The first portion of the report, paged in Eoman numerals, is little 
more than a synopsis of some subjects that have received more consider- 
ation and required far more labor than could be here exhibited. 

The second part of the report, paged in Arabic numerals, represents 
more fully and completely the large amount of labor that has been 
expended at the State Laboratory of Hygiene, both in the chemical and 
the bacteriological departments. An especially complete report is given 
for the period on water analysis and the water supplies of cities and 
towns. 

A report is also made upon the effort to establish the normal chlorine 
lines of the state; a consideration of lead poison, and other analytical 
investigations. A resunU of the bacteriological investigations in suspected 
cases of tuberculosis, diphtheria, typhoid fever, and malaria is also given, 
together with a few papers and reports upon special subjects. 

In the amount of original investigations represented, this report exceeds 
any heretofore issued. 

Vital Statistics. 

The general healthfulness of a state or coimtry is determined very 
largely through its vital statistics, and but for such figures it would be 
impossible to know the result of sanitary work, or whether the average 
length of life were increasing or diminishing. 

Fortunately we have an excellent registration system, and are, there- 
fore, able to present statistics of a most reliable character. In the cen- 
sus year 1900 there were but four states in the Union whose registration 
of deaths was considered to be as accurate as, if not more accurate than 
could be obtained by the census department itself, these being New Hamp- 
shire, Massachusetts, Bhode Island, and Connecticut. In these states the 
returns were accepted by the government, and the usual census questions 
relating to mortality were "withdrawn from the enumerators. 
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The population of New Hampshire^ according to the censns of 1900, 
was 411,588; in 1901 (calculated), 415,238. 

The number of births, marriages, divorces, and deaths for the two years 
named is shown in the following table: 

Vital Statisticafor 1900 and 1901. 



New Hampsuikk. 


1900. 


1901. 


Increase. 


Decrease. 


Births 


8,436 

3,983 

426 

7,624 


8,164 

4,001 

482 

6,975 




271 


MftTriftflres 


18 
66 




TilvArnpfl - ••••••••«••..«•••••.•••••• 




I>AA.thfl • ••• 


649 









The proportion of births, marriages, divorces, and deaths to each one 
thousand of the population for the two years referred to was as follows: 

For the year 1900, the birth rate was 20.49; marriage rate, 9.67 
(coiiplos); divorce rate, 1.03; death rate, 18.52. 

For the year 1901, the birth rate was 19.66; marriage rate, 9.63 
(couples); divorce rate, 1.16; death rate, 16.79. 

It will be seen that there was a marked diminution in 1901 in the 
number of deaths for that year from the number reported for 1900. The 
death rate for the year 1901 was, with the single exception of the year 
1898, lower than ever before recorded. 

Deaths from Certain Specified Causes. 

The number of deaths from the so-called contagious and infectious 
diseases varies from year to year, sometimes to a marked extent, from a 
variety of causes, some of which appear not to be yet revealed beyond 
question; hence different theories regarding their prevalence are held by 
different writers. 

The number of deaths from communicable diseases may be regarded to 
a great extent as indicative of the healthfulness of a locality, and of the 
efficiency of local health authorities in restricting and preventing this 
class of diseases. Many of these diseases are known to be almost com- 
pletely within the control of sanitary law, while the spread of others 
seems to be as yet unrestrained, or only slightly controlled. There would 
also seem to be certain climatic influences, as yet little understood, to which 
may be attributed an excessive prevalence of and mortality from certain 
diseases, as, for instance, pneumonia, bronchitis, and influenza. It will 
be noted in the table that the death rate from these three diseases was 
much greater in 1900 than in 1901. This increased mortality from the 
diseases named extended over an area of the country far beyond the con- 
fines of our own state. The following table gives the mortality from this 
class of diseases for the years 1900 and 1901: 
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Deaths from Certain Specified Causes. 



Diseases. 



1900 



1901 



Increase. 



Decrease. 



Ihaenmonia 

TabercaloslB (Consumption) 

Cholera infantum 

Diphtheria 

Croup 

Typhoid fever 

Influenza 

Scarlet fever 

Whooping cough. 

Measles. 

Smallpox 

Mumps 



Total. 



942 

650 

462 

64 

86 

100 

183 

27 

40 

19 



2.623 



716 
629 
868 

60 

30 

89 

189 

60 

20 

4 

6 

1 



2,111 



•28 



6 
1 



226 
21 
94 
4 
6 
11 
44 



20 
16 



412 



• The heavy mortality of 1901 was due to an extensive epidemic of scarlet fever in the 
city of Keene, with 21 deaths. 

In order to know the status of a given disease as a cause of death it is 
necessary to study its mortality for a period of years. This is equally 
true of given localities, and of the entire state. 

The registration reports for the past eighteen years give sufficient data 
for that purpose — ^in fact, the statistics have been so tabulated that the 
number of deaths from any given disease may be ascertained by town, 
if necessary, as it sometimes is, for guidance in sanitary work. 

The foregoing table shows that for the two yesLTs 1900 and 1901 
pneumonia stood first as a cause of death; but in considering this subject 
for a series of years it will be seen that this position belongs to tuber- 
culosis. 

Inserted herewith is a diagram which vividly illustrates the relative 
position of the diseases named, together with the total mortality of each 
for eighteen years, 1884-1901, inclusive: 

Deaths in New Hampshire , 1884-2901 j Eighteen Years, from Certain Specified Causes, 

Tuberculosis (Consumption). 
Pneumonia. 
Cholera Infantum. 
Diphtheria and Croup. 
Typhoid Fever. 
Influenza (La Grippe) . 
Scarlet Fever. 
Whooping Cough. 



11,637 
6,766 
2,940 
2,809 
1,664 
683 
660 





364 ■ Measles. 
12 • Smallpox. 
7. Mumps 
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dimJiiiitioD in the number of deaths from tuberculosis. The annual 
average number of deaths from this cause from 1884 to 1901, inclusiye, 
was ?83 and a fraction. 

Herewith is inserted a table showing the number of deaths from tuber- 
culosis 11} its various forms from ISSi to 1901, inclusive.* The second 
table gives the number of deaths from tuberculosis by age periods. Its 
most noticeable feature is the large number of deaths in persons in the 
prime of life. 

Mortality from Tktbereulosis in New Hampshire from 1884 to 2901, inotutive. 
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■ Hot olkued separately. 

The State Board of Health has, from time to time, published a large 
number of papers, circolars, etc., on the rentriction and prevention of 
tuberculosis, and it realizes that this work must be continued, and that 
it must be supplemented by every means within the power of the state if 
the mortality from this disease is to be materially reduced from its present 
proportions. 

• This, as well w tbe following table, was prepared by the ipcretary o( the board (ot 
the report ot tbe CommlBJlon on Stat* aaaatorliiin lor Consomptlvei, belDf liereirltb Id- 
Mrted for record pnrposee and for tbe Information of tboee who msj not bave aooeei to 
tbe report mentioned. 
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Deaths from Tuberculosis by Age Periods, 



Yrakh. 


1 to 10. 


10 to 20. 


2 

o 


• 

o 
o 


i 

B 
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S 



S 


• 

o 
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70 to 80. 

• 


9 

> 

o 


• 

1 


1884 


50 
49 
44 

34 
48 
36 
49 
47 
28 
45 
50 
81 
41 
36 
26 
26 
86 
42 


113 
98 
87 
88 
88 
81 
77 
87 
88 
71 
70 
66 
81 
79 
53 
57 
70 
67 


218 
219 
233 
193 
219 
147 
200 
174 
178 
204 
200 
210 
180 
226 
181 
169 
193 
178 


146 
161 
152 
145 
137 
120 
166 
181 
150 
139 
150 
129 
130 
143 
143 
103 
120 
130 


93 

109 
94 

101 
71 
77 

113 
89 
84 
92 
82 
85 
85 
70 
66 
80 
76 
71 


78 
75 
67 
78 
62 
56 
66 
67 
67 
66 
59 
60 
59 
46 
52 
66 
45 
63 


64 
75 
71 
55 
55 
65 
72 
37 
71 
64 
46 
49 
49 
49 
47 
38 
61 
48 


67 
48 
37 
46 
42 
53 
63 
48 
41 
34 
46 
51 
37 
32 
22 
28 
44 
40 


21 
19 
18 
21 
15 
10 
23 
10 
20 
14 

8 
10 

9 
12 

7 
10 

1 

7 

235 


19 


1885 


9 


1886 


6 


1887 


5 


1888 


6 


1889 


6 


1890 


7 


1891 


10 


1892 


9 


1898 


9 


1894 


5 


1896 


2 


1896 


8 


1897 


6 


1898 


10 


1899 


6 


1900 


4 


1901 


8 






Total 


718 


1,411 


3,621 


2,484 


1,538 


1,119 


1,016 


768 


128 







During the period under consideration (1884-1901) there died in New 
Hampshire, from all causes, between the ages of twenty and thirty, 8,646 
persons, of whom 3,521 succumbed to tuberculosis; or, in other words, 
40.72 per cent, or 1 to 2J decedents, were caused by tuberculosis. 

Between thirty and forty years of age there were from all causes 7,916 
deaths, and from tuberculosis in the same age period 2,484, a percentage 
of 31.38, or one to every three and a fraction deaths. 

Between forty and fifty there was a total of 7,915 deaths from all 
causes, 1,538 of which were credited to tuberculosis, equal to 19.43 per 
cent, or one in every five deaths. 

If we make our calculations on the entire period, twenty to fifty years, 
we find that 30.81 per cent, or one death in every three and a fraction, 
was due to tuberculosis. 

Influenza. 

Influenza is one of the communicable diseases that has come into 
noticeable prominence in this country during the past ten years. The 
first wave of the epidemic touched this state in 1890, when thirty-three 
deaths were returned from it. In the following year there were one hun- 
dred and forty-three deaths, and in 1892, three hundred and thirty-one, 
which represents the crest of the wave. In 1893, ninety-one deaths were 
returned; in 1894, one hundred and twenty-one; in 1895, one hundred 
and twenty-one; in 1896, forty-seven; in 1897, one hundred and thirty; 
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in 1898, fifty-one; in 1899, one hundred and seventy; in 1900, one hundred 
and eighty-three, — ^the highest number since 1892; and in 1901, one hun- 
dred and thirty-nine. 

It will be seen that as a cause of death, influenza has during the past 
ten years exceeded scarlet fever, typhoid fever, diphtheria, and croup. 

With respect to age, the decedents from influenza are chiefly past middle 
life, and, like pneumonia, it is especially fatal to the aged. The same 
precautions should be taken against it is are to pneumonia: protection 
against sudden changes, care of sputum, and, as far as practicable, isola- 
tion of the patient. 

DiPHTHEBIA AND CbQUP. 

For the year 1901 there were returned sixty deaths from diphtheria and 
thirty from croup, the smallest number reported in the past twenty 
years. For the year 1900 there were reported sixty-four deaths from 
diphtheria and thirty-six from croup, which, with a single exception, is 
lower than the record for either of the preceding registration years. To 
what extent the work done at the State Laboratory of Hygiene in the mat- 
ter of diagnosis, and the consequent early isolation of cases, and the use 
of antitoxin may have contributed to this result is problematical, but it is 
fair to assume that one of these measures has had a restrictive influence, 
whUe the other has been curative beyond question. 

From 1884 to 1901, inclusive, there were returned to the state 2,940 
deaths from diphtheria and croup. An analysis of the records shows that 
these are practically diseases of childhood, a great majority of the decedents 
being children under ten years of age. 

In studying the mortality for the eighteen years referred to, we find a 
confirmation of a belief which we have entertained, to wit: that diphtheria 
prevails more extensively immediately following the opening of the schools 
in autumn. The diagram on next page is a graphic illustration of this 
assertion. 

That diphtheria is frequently spread, in the school-room by pupils 
infected but showing only slight local trouble, or none at all, is a matter 
of observation and record. There are many ways in which this disease 
may be comniimicated from pupil to pupil in the school-room, — indeed, 
while this is being written we are in receipt of a report from a city in 
another state giving an account of the spread of diphtheria by the com- 
mon use of lead pencils, which were collected every night and distributed 
to the pupils in the morning without being disinfected. The use of a 
common drinking cup is another source of infection. 

With all the sources of infection, many of which are not recognized 
by the people generally, it is gratifying that the mortality from diphtheria 
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and membranous croup has been reduced to much smaller proportions 
than formerly. 
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In August, at the end of Ihe vacation season, diphtheria is at its lowwt 
ebb. Schools commence in September, and the disease takes an upward 
start, reaching its highest point in October. 

Typhoid Fever. 

During the past twenty years the mortality from typhoid fever has 
only four times fallen below one hundred. In 1895 there were ninety-nine 
deaths from it; in 1897, ninety-twoj in 1899, ninety-two; and in 1901, 
eighty-nine, ihe number for the latter year being the smallest ever 
reported. 

The diminution in the prevalence, as well as in the mortality, of typhoid 
fever in recent years is attributed to improved sanitary conditions, and, 
more particularly, to the substitution of public water supplies from uncon- 
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taminated sources for the surface wells that have so often proved danger- 
ous to families and communities. It has been remarked that the character 
of the water supply of a city or state could be determined, approximately, 
by a study of the mortality returns from typhoid fever, as this is chiefly a 
water-borne disease. It is conceded that the bacillus of typhoid fever is 
taken into the system through foods or drinks. Infected milk has in some 
instances been the means of spreading the disease in a given community. 
Occasionally it appears where its source cannot be traced. Like some other 
diseases, it is sometimes spread by a "walking'' case, or by a person who 
has become convalescent but whose system still carries the germs. It 
is pre-eminently a disease due to unsanitary conditions, and the absence 
of the old-time epidemics is due to the progress that has been made in 
recent years in sanitation. 

ScAELBT Fever. 

For the year 1900 there were returned twenty-seven deaths from scarlet 
fever, and for 1901, fifty deaths, the latter being a larger mortality than 
has occurred from this disease in several years prior to 1901. The excess 
over the average for the past ten years was due to the extensive epidemic 
in Keene, which resulted in twenty-one deaths in that city. Its prevalence 
there was owing to the spread of the infection among the operatives 
of a factory, by whom it was distributed over almost the entire city — all 
due to the fact that the first case or cases were not reported to the board 
of health, and therefore were not isolated. This sad experience graph- 
ically illustrates what might have been prevented by isolation of the 
first case. 

The largest number of deaths from this disease occurred in children 
between one and five years of age; the next group of greatest mortality 
were between five and ten years of age. 

This is essentially a disease of infancy and childhood, the mortality 
from it after the fifteenth year being very low. There is occasionally 
a death from scarlet fever in an adult, but rarely. The disease is spread 
very largely through the mild, unrecognized cases that go about, and 
even attend school while in the stage of desquamation. 

Smallpox. 

In the last report of this board it was stated that smallpox made its 
appearance in Manchester in August, 1900, the first case in the state since 
April, 1895. A review was given of the outbreak which occurred from 
that date to the following November, it having invaded Manchester, Pitts- 
field, Chichester, Danbury, Hooksett, and Portsmouth. 
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During the two years embraced in the peroid from November 1, 1900, 
to November 1, 1902, there were reported to the State Board of Health 
634 cases of smallpox, including varioloid, from thirty towns and cities 
in New Hampshire. The following table gives the localities, number of 
cases, and number of deaths reported: 

Smallpox in New Hampshire from November 1, 1900, to November 1, 1902. 



Cities and Towns. 



Namber of 
cases. 



Number of 
deaths. 



Alstead 

Auburn 

Bartlett 

Berlin 

Bethleliem . . 

Concord 

Exeter 

Franklin 

Goffaiown .. . 
Grantham... 
Hampstead. 

Hancock 

Hariiaville.. 
Hillsborough 

Hudson 

Jaflfrey 

Keene 

Lisbon 

Manchester. . 

Milford 

Nashua 

Newflelds.. . . 

Newport 

Northfleld ... 
Portsmouth.. 
Rochester . . . 
Soraersworth 

Tilton 

Troy 

Warren 

Whiielleld.... 

Total , 



2 

i* 



*1 
1 
1 



1 

i 
i' 



12 



* Died from pneumonia following smallpox. 

During only short periods in the last two years has the state been free 
from smallpox. The first outbreak, and a great majority of those suc- 
ceeding, was due to the importation of the disease from outside the state. 
It has been confined almost wholly to the French population, and has 
been due to a lack of vaccination. Its prevalence in this state, as well as 
throughout the entire country, has been largely due to the mild type of 
the disease, which has resulted in unrecognized cases, and in some 
instances in a mistaken diagnosis. In addition to this some cases have 
been kept from the knowledge of the health authorities until more or less 
persons were exposed to the infection. All this has rendered it very diffi- 
cult for the health officers to suppress the disease promptly. 

To meet this condition, the State Board of Health, at a meeting held 
December 29, 1900, adopted the following regulations, in addition to the 
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rules and regulations then in force, to be in effect after January 1, 1901, 
in such towns and cities as it might be deemed wise or necessary to pro- 
mxdgate the order: 

REGULATION RELATING TO SMALLPOX AND OTHER ERUPTIVB 

DISEASES. 

Whenever any eruptive disease, showing papules, pustules, vesicles, etc., 
or any breaking out of the skin, or any condition resembling measles, scar- 
let fever, chicken-pox, or smallpox, shall appear upon any person (member 
of a family, boarder, roomer, or visitor), the head of the family, or some 
member thereof, shall, within twenty-four hours after the discovery of such 
eruption, report each and every case to the board of health, unless said case 
or cases are attended by a physician. 

Any i)erson violating any of the provisions of this regulation shall be pun- 
ished by a fine of ten dollars and costs for each offense, in accordance with 
section 1, chapter 108 of the Public Statutes. 

The foregoing regulation shall be in force until otherwise ordered. 

Attest: 

IRVING A. WATSON, 

Secretary, 
The foregoing order was printed in French, as follows: 

REGLEMENT RELATIF A LA PETITE VEROLE ET AUTRES MALA- 
DIES ERUPTIVES. 

Toutes les f ois qu'une maladie Eruptive, montrant des papules, des pustules, 
des vesicules, etc., ou toute autre irruption de la peau ou quelque condition 
ressemblant k la rougeole, k la fidvre scarlatine, a la picotte volante, ou d. la 
petite verole paraitra sur n'importe quelle personne (membre d'une famille, 
pensionnaire, logeur, ou visiteur), le chef de famille, ou quelques uns de ces 
membres, devra dans les viugt-quatre heures apres la decouverte de cette 
irrnption, reporter chaque cas et tous les cas au Conseil d'Hyg^ene, a moins 
que ce ou ces cas soient soignes par un m^decin. 

Toute personne violant quelque provisions de ce r^glement serd, puni d*un 
amende de dix piastres et les frais pour chaque offense, d*accord avec la 
section 1, chapitre 108 des Statuts Publics. 

La r^gle ci-dessus sera en force jusqu'S. ce qu'il en soit ordonne autrement. 

Atteste: 

IRVING A. WATSON, 

Secretaire. 

Copies of this order, in English and French, in towns and cities where 
it was put in force, were distributed from house to house, and resulted in 
some instances in the prompt report of cases to the local health author- 
ities. Some arrests were made for violation of this order and fines 
imposed. 

In some instances it has been necessary for the State Board of Health 
to assist the local authorities in the suppression of smallpox by sending 
an inspector to the locality to work in co-operation with the local \iQ>^a^ 
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of health. This service has been of great assistance to the local author- 
ities, and has been fully appreciated by them. 

In some cases the lack of a well-organizefl health department with 
sufficient means and the necessary assistants to cope with an outbreak of 
smallpox has made it necessary for the Stat^ Board of Health to assist 
in the executive management of the disease, while in all the outbreaks 
the advice of the board, at least, has been sought. 

The board has labored under considerable difficulty in securing experi- 
enced inspectors, and has been obliged to depend upon the chance of 
getting some health officer whose duties would admit of his leaving his 
own jurisdiction. A permanent inspector would have relieved the board 
of some annoyances and would have enabled it to offer greater and 
more continuous aid to local authorities. 

J)IFFIOUI#TIES IN DIAGNOSIS. 

In a great majority of the outbreaks of smallpox the State Board of 
Health has been obliged to furnish a medical expert to determine posi- 
tively the nature of the disease. The fact that for many years smallpox 
has so rarely appeared jn New Hampshire that a great majority of the 
practicing physicians have never seen a case, has caused them to feel 
unqualified to make a positive diagnosis in cases of so mild a type, espe- 
cially in atypical forms of the disease. In every case where application 
for a medical expert has been made the board has complied with the 
request, although the diagnosing of disease is not one of the duties ordi- 
narily devolving upon a state or local board of health. The exceptional 
and peculiar circumstances in connection with this particular disease 
have not only caused the board to feel justified in pursuing this course, but 
that it was a duty. 

THE QUESTION OF VACCINATION. 

The presence of so large a number of cases of smallpox in the state dur- 
ing the past two years, to wit, 634 cases, has emphasized in the most posi- 
tive manner the value of vaccination as a protection against smallpox, 
inasmuch as in not one of these cases, so far as we are able to learn, was 
the person well vaccinated. Nearly all the cases were in persons who had 
never been vaccinated, although in a few instances persons who had been 
vaccinated many years previously and not recently re-vaccinated con- 
tracted varioloid. 

Now and then a person has become infected who considered that he 
was protected against §m?llpox because the operation of vaccination had 
been performed, resulting in a sore due to non-aseptic conditions at the 
time the operation was performed, or to subsequent infection of the 
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wound by external means, such as the finger-nails in scratching the 
wound (which frequently occurs in children), soiled clothing, etc., with- 
out vaccinia. 

We have frequently seen the disease in a family in which a portion of 
the children were vaccinated and the remainder un vaccinated, and in no 
instance have we known the former to contract the disease, although 
they were exposed under conditions most favorable for infection. 

The question of vaccination does not admit of any discussion on its 
merits, and no reference to it would be made except for the purpose of 
counteracting the baseless and absurd statements that are made against 
vaccination by certain persons, and to assure the public that successful 
vaccination is the only known preventive of smallpox. 

The legislature of 1901 amended section 2 of chapter 93 of the Public 
Statutes, relating to the vaccination of school children, so as to read as 
follows: 

Sect. 2. No child shall attend any public, parochial, or private school 
unless he has been vaccinated or has had the smallpox, and this section 
shall be enforced by the board of health. 

Every board of health in the state has been notified of the provisions 
of the section referred to, and asked to enforce the law to the letter. In 
most of the towns of the state this has been done. Some towns and cities 
have made provision for the free vaccination of such persons as were not 
able to bear the expense themselves. Such provisions may be made by 
boards of selectmen under the provisions of section 1, chapter 110 of the 
Public Statutes. In many localities certificates of vaccination are re* 
quired of children entering school. A card for that purpose is furnished 
by the State Board of Health to physicians, upon request, as follows: 

THE STATE OP NEW HAMPSHIEE. 

Certipicate of Vaccination. 

This certifies that I vaccinated (whether successfully or not to be hereafter 

determined) on the day of 

190 . 

M. D. 

Examined 190 , and found result to have been successful. 

M. D. 

This certificaje shall be considered as worthless after two weeks from the 
date of vaccination unless the second certificate is made by some physician 
stating that the vaccination was successful. 

The experience of health authorities throughout the entire country, 
in dealing with the epidemic of smallpox which has prevailed for the past 
two or three years, has shown that vaccination has by no means received 
the consideration due it as a surgical operation at the hands of many 
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practitioners of medicine; that special attention is not always given to 
the technique of the operation necessary to insure proper and successful 
vaccination. 

At a meeting of the Conference of State and Provincial Boards of 
Health of North America, held at New Haven, Conn., in November, 1902^ 
a special committee on vaccination presented the following report, which 
was unanimously adopted: 

1. That vaccination may be defined as follows: an inoculation by scarifica- 
tion, puncture, or injection beneath the epidermis of a vaccine which pro- 
duces, with some constitutional disturbance, the typical vaccine vesicle, 
which leaves, after the pock has healed, its characteristic scar. 

2. That in order to obtain the most satisfactory results, vaccine must 
be produced either by federal, state, or provincial officials, or by private 
producers under the closest supervision of qualified government officials. 

3. That for the greatest protection against smallpox, state and provincial 
laws should provide machinery whereby certified public vaccinators must 
be appointed for the systematic vaccination, by house to house visitation, 
of all children born during any year, and at public stations or otherwise of 
such others as circumstances may make necessary. 

4. That the evidence of successful vaccination of all school children 
naturally forms a part of any system of public vaccination, and certificates 
of such should be accepted only when signed by municipal or local health 
officer. 

5. That in order that the best results may be obtained, it is essential 
that medical colleges should be urged to provide for thorough instruction 
in the theory and practice of vaccination, and that all licensed physicians 
must hold certificates of having had practical instruction in the operation 
of vaccination in medical colleges, dispensaries, or public vaccine stations. 

Eeoent Leqislation. 

The legislature of 1901 passed some enactments relating to public 
health matters which are herewith given. 

Section 3 of chapter 110 of the Public Statutes, relating to smallpox 
and pestilential diseases, was amended so as to read as follows: 

Sect. 3. It shall be the duty of every physician who attends upon any 
person infected with the smallpox, the malignant cholera, diphtheria^ scarlet 
fever, or other malignant pestilential disease, immediately to report the same 
to the health officer, or, in their absence, to the selectmen of the town. If 
any physician shall neglect so to do, he shall be fined one hundred dollars, 
or be imprisoned not exceeding ninety days, or both. 

To strengthen the hands of local boards of health in the prevention of 
some of the communicable diseases, the following was enacted: 

An Act to fbovtde fob the Bestbiction of OoMMiTincABLE Diseases. 

Section l. A physician called upon to attend a sick person, and who finds 
the cause of such sickness to be of a contagious or infectious character, and 
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the general public likely to be endangered thereby, may quarantine such 
person's residence at once and report the fact to the board of health. Such 
quarantine shall continue in force until relieved or revoked by the board of 
health. 

Sect. 2. Whenever any person knowrs or has reason to believe that any 
member of his family or household (boarder, roomer, or visitor) has either 
smallpox, diphtheria, membranous croup, scarlet fever, typhoid fever, 
measles, or any other malignant communicable disease, he shall, within 
twenty-four hours, if no physician is in attendance, give notice thereof to 
the local board of health of the town or city in which he resides, and such 
notice shall be given either verbally to one of the health officers, or by com- 
munication addressed to the board of health, and duly mailed within the 
time specified. 

Sect. 3. The board of health, upon being notified of the existence of 
either of the four diseases first named in section 2, or of other malignant 
pestilential disease, shall immediately quarantine the infected house, prem- 
ises, or rooms, so as effectually to isolate the case, and the family if neces- 
sary, in such a manner as will prevent the spread of the disease. 

Sect. 4. Whenever a house, tenement, or room is placed in quarantine, 
a placard shall be posted in a conspicuous position, giving the name of the 
disease and also containing the following quarantine order; "All persons are 
strictly forbidden to enter or leave these premises without special permit 
from the board of health. All persons are strictly forbidden to remove this 
card without orders from the board of health." 

Sect. 5. Upon the appearance of either of the diseases named in section 
2 in any town or city in the state, the board of health shall make an imme- 
diate report to the State Board of Health upon blanks furnished for that 
purpose, and shall thereafter make a weekly report as long as the disease 
continues, stating number of cases, number of infected houses, fatality, and 
such other facts as may be required by the State Board of Health. 

Sect. 6. At a proper time, after the convalescence or death of the infected 
person or persons, the board of health shall cause the infected premises to 
be thoroughly disinfected and cleansed, so as effectually to destroy all con- 
tagion, said work to be carried out according to mehods indorsed and recom- 
mended by the State Bdard of Health, after which the said premises may be 
released from quarantine. 

Sect. 7. No parent, guardian, person, or persons having the custody of 
any child shall permit such child, if infected with any communicable dis- 
ease, or has been exposed to such, to attend any public or private school. 

Sect. 8. It shall be the duty of a health oflQcer, or a representative of a 
local board of health, to attend a meeting of a State Board of Health, when 
requested by the latter, for consultation in the restriction and prevention of 
contagious and infectious diseases, or for the consideration of other impor- 
tant sanitary matters. 

Sect. 9. Any person who knowingly violates any provision of this chap- 
ter, or any regulation established by authority of this chapter, shall be pun- 
ished by a fine of ten dollars for each offense. 

Sect. 10. All acts and parts of acts inconsistent with this act are hereby 
repealed, and this act shall take effect upon its passage. 

[Approved February 20, 1901.] 
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The above act has been printed upon all placards nsed by local boards 
of health in quarantining premises infected with diphtheria, membranous 
croup, scarlet fever, etc. The chief features of the measure are: 

First. A physician may establish a quarantine. 

Second. Families are obliged to repoi*t certain communicable diseases 
if no physician is in attendance. 

Third. Local boards of health shall make weekly reports to the State 
Board of Health. 

Fourth. Disinfection shall be performed by local boards of health. 

Fifth. No child infected with any communicable disease shall be 
allowed to attend school. 

Legislation relating to the adulteration of milk, legal standards, etc., 
is embraced in the following two sections from an act in amendment of 
chapter 107 of the Public Statutes, 1901,: 

An Act in amendment of Chapteb 127 op the Public Statutes, relating 

TO the Inspection of Milk. . , . 

Sect. 17. If any person shall adulterate milk, skim-milk, or cream with 
water or otherwise to be sold, or shall sell or offer for sale, or have in posses- 
sion with intent to sell, any adulterated or unwholsome milk, skim-milk, or 
cream, containing any coloring matter or preservative, or any milk pro- 
duced from sick or diseased cows, or cows fed upon the refuse of breweries 
or distilleries, or any other substance which may be deleterious to the qual- 
ity of milk, skim-milk, or cream, or shall sell, or offer for sale, or have in 
possession with intent to sell as pure milk, any milk from which the cream 
or a part thereof has been removed, he shall be fined not more than two 
hundred dollars, or imprisoned not more than sixty days, or both. And it 
shalil be the duty of boards of health and milk inspectors to file the 
necessary information with the chief of police of the city or town or the 
county solicitor of the county in which such city or town may be situated, 
and it shall be the duty of such chief of police and county solicitor to prose- 
cute offenders under this act to final judgment and sentence. 

Sect. 18. In all proceedings under this chapter, if the milk is shown, upon 
analysis, to contain less than 13 per cent of milk solids, or to contain less 
than 9^2 per cent of milk solids exclusive of fat, or to contain less than 3^ 
per cent of fat it shall be considered evidence of adulteration except during 
the months of April, May, June, July, August, and September, when milk 
coutaming less than 12 per cent of milk solids, or less than 3 per cent of fat, 
shall be considered evidence of adulteration, or if, in the case of skim-milk, 
it shall contain more than 91 per cent of water and less than 9 per cent of 
milk solds exclusive of fat, it shall be considered evidence of adulteration. 

The law relating to the sale of poisons was amended so as to restrict 
the amount of arsenic that may be legally used in the manufacture of 
certain fabrics, as follows: 
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A5 Act in AMENmcEin? op Chapter 269 of the Public Statutes, belatino 

TO THE Sale of Poisons. 

Section 1. Chapter 269 of the Public Statutes is hereby amended by add- 
ing thereto another section, as follows: 

"Sect. 16. Any corporation, person, firm, or agent who shall sell or ofPer 
for sale or exchange any woven fabric or paper containing arsenic in any 
form, or any article of dress or of household use composed wholly or in part 
of such woven fabric or paper, or any article of dress containing arsenic, 
shall, upon conviction thereof, be fined not exceeding one hundred dollars; 
provided, Tiotcever, that this section shall not apply to dress goods or articles 
of dress containing not more than one one-hundredth grain, nor to other 
material containing not more than one tenth grain of arsenic per square 
yard of the material." 

In the matter of the protection of public water supplies, special legis- 
lation has been enacted from time to time to prevent the pollution of 
certain brooks, rivers, and ponds by manufacturing industries, sawmills, 
etc. The last legislature extended such protection to Ammonoosuc river, 
so far as wood- working establishments are concerned, in the following act: 

An Act to pbotbct the Ammonoosuc River in Carroll, Bethlehem, Lit- 
tleton, Lisbon, and Bath, and its Tributaries, from Pollution by Saw- 
dust AND other Waste. 

Section 1. No person or corporation shall put or place, or cause or 
allow to be put or placed, any sawdust, shavings, edgings, chips, bark, or other 
waste, from wood-work establishments, into Ammonoosuc river, or its 
tributaries, in the towns of Carroll, Bethlehem, Littleton, Franconia, Lisbon, 
and Bath. Any person or corporation violating the provisions of this act 
shall be punished by a fine of not exceeding one hundred dollars for each 
offense. 

Sect. 2. This act shall take effect August 1, 1904. 

State Laboratory of Hygiene. 

The most important measure passed by the legislature of 1901, relating 
to public health interests of the state, was that creating a state laboratory 
of hygiene. Evidence of the truth of this assertion may be found else- 
where in this report, in a review of the extensive work done in the exam- 
ination of public and private water supplies, the inspection and examina- 
tion of food products, the bacteriological examinations in the investigation 
of suspected cases of tuberculosis, diphtheria, typhoid fever, malaria, 
besides work of a lesser magnitude not covered by the report. 

We can certainly point with pride to what has been accomplished along 
these lines in the short time in which the laboratory has had an existence, 
and we believe it to be an invaluable adjunct to the public health service 
of the state, the results of its work being much more far-reaching than can 
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be exhibited in any report, and that it is an institution that merits and 
will receive at the hands of the legislature all the aid necessary for its 

support. 

Owing to the great demand upon the laboratory for the analysis of sus- 
pected water supplies, it has not been possible to prosecute so active a 
work in the examination of food supplies, drugs, dairy products, etc., as 
was desirable, or as is contemplated in the near future. Work in the line 
of water analysis, particularly of those public supplies already examined, 
will probably not be so great in future, and therefore much more time will 
be given to the investigation of adulterated food supplies, drugs, dairy 
products, etc., as is authorized and provided for in chapter 269 of the 
Public Statutes. 

The law creating a state laboratory of hygiene may be found on page 
149 of this volume, in connection with a somewhat extensive report of 
the work accomplished. 

Local Boards of Health. 

As we have had occasion to remark in former reports, the law enacted 
a few years ago, making local boards of health practically continuous, in 
that only one new member is appointed each year, has resulted in making 
these organizations much more efficient than formerly, and, furthermore, 
each year seems to show an added executive capability in their work. 

We have in the state today many excellent boards of health, posted as 
to their duties and taking an interest in their work. We have seen this 
well exemplified in many of the smallpox outbreaks, as well as on other 
occasions. 

It is true, however, that there is occasionally (very rarely) a board com- 
posed of men apparently imsuited for the work, whose performance of 
their duties is perfunctory, and whose knowledge of the obligations and 
functions of a board of health is comparatively limited. 

Formerly it was quite generally the practice for local boards of health 
to issue a long set of rules and regulations which, when approved by the 
board of selectmen of the town, recorded, and posted, were supposed to 
be equivalent to law. While many of these regulations were good, some 
were absurd and in direct violation of existing law, yet if they could not be 
legally enforced they were at least of a limited educational value to the 
community. In more recent years laws to regulate most of the ordinary 
conditions in themselves nuisances, or likely to become so, have been 
enacted, so that it has become practically unnecessary for local boards 
of health to issue rules and regulations. 

Moreover, authority has been given the State Board of Health to make 
such rules and regulations for the protection of public health as it may 
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deem necessary, hence local boards rely upon the state board to issue 
such regulations as may be necessary to meet local exigencies not directly 
specified in chapter 108 of the Public Statutes. 

Again, local boards of health feel at liberty to, and do most frequently, 
consult the state board in special cases and act upon the advice given. 

It is by a combination of these conditions and an apparently increased 
interest on the part of health oiBcers that much more efficient sanitary 
work is now being accomplished than was possible only a few years since. 

School of Instbuotion for Health Officeiu3 and Sanitaey Con- 

FEBENOE. 

The State Board of Health, in connection with the New Hampshire 
Association of Boards of Health, held a "school of instruction^^ for health 
officers at the state house April 29, 30, and May 1, 1902. The program 
for the meeting was arranged by the State Board of Health, and consisted 
of eight sessions, at which valuable papers relating to public health work 
were read, followed by discussions of the subject. 

The following papers were presented: 

"Smallpox Quarantine,^^ by George Cook, M. D., inspector State Board 
of Health. 

"Practical Disinfection,'' by Lemuel Pope, Jr., D. V. M., president 
board of health, Portsmouth. 

^T)isinfection and Disinfectants,'' by C. E. Congdon, M. D., president 
board of health, Nashua. 

"Quarantine and Disinfection in Contagious Diseases," by Mr. William 
B. Blake, inspector board of health, Manchester. 

'Tractical Disinfection," by Mr. Charles E. Palmer, health officer, 
Concord. 

"How Can We Best Protect the Public from Consumption?" by Daniel 
S. Adams, M. D., president New Hampshire Medical Society, Manchester. 

"Sanatoria and Hospitals for Consumptives/' by H. T. Fontaine, M. D., 
Concord. 

"The Contagiousness of Tuberculosis," by C. A. Weaver, M. D., chair- 
man board of health. New Boston. 

"The Struggle against Consumption," by Edward 0. Otis, M. D., Bos- 
ton, Mass. 

"Difficulties that Confront a Country Board of Health, with Sugges- 
tions regarding Same," by Mr. G. P. Lowe, secretary board of health, New 
Ipswich. 

"The Model Health Officer and His Duties," by D. M. Currier, M. D., 
president New Hampshire Association of Boards of Health, Newport. 
Discussion. 
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"Powers of Boards of Health, Statutory and Otherwise/' by John C. 
Bickford, Esq., president board of health, Manchester. 

"A Septic Tank Designed for a Small Village,^' by E. H. Hunter, C. E., 
chief assistant to Dartmouth College engineer, Hanover. 

Discussion. 

"Construction of Village Sewers,*' by Eobert Fletcher, Ph. D., director 
of Thayer School of Civil Engineering, Dartmouth College, associate 
American Society Civil Engineers, member New Hampshire State Board 
of Health. 

"The Inspection and Control of Foods and Drugs with Eeference to 
Their Adulteration,'' by Albert E. Leach, S. B., analyst to the Massachu- 
setts State Board of Health, Boston. 

"A Study of New Hampshire Water Supplies," by H. E. Barnard, B. S., 
chemist New Hampshire Laboratory of Hygiene, Concord. 

Discussion. 

"Some Data concerning the Proposed Chlorine Map of New Hamp- 
shire," by same author. 

"Lead Poisoning as Belated to Water Supplies," by H. E. Barnard, B. S., 
chemist New Hampshire State Laboratory of Hygiene. 

Discussion. 

"Mjlk Inspection," by Mr. William K. Bobbins, chemist and clerk board 
of health, Manchester. 

"Local Boards of Health and the Law," by Irving A. Watson, M. D., 
secretary State Board of Health, Concord. 

'TDiphtheria and the Klebs-Loeffler Bacillus," by D. E. Sullivan, M. D., 
Concord. 

Discussion. 

"The Bacteriology of Our Most Common Diseases," by Prof. H. N. 
Kingsford, M. D., bacteriologist State Laboratory of Hygiene, Dartmouth 
Medical College, Hanover. 

"Some Bacteriological Methods of Interest to Boards of Health," by 
Arthur K. Day, M. D., bacteriologist State Laboratory of Hygiene, Con- 
cord. 

This meeting was attended by representatives of the boards of health in 
over one hundred fifty towns of the state, including some of the smallest 
and most remote municipalities. It was admitted by all that this meet- 
ing was a source of a great deal of information to most of the health 
ollicers present, and that it would result in better work and methods in 
their own particular localities. That this is true has already been evi- 
denced in numerous instances. We believe that an annual "school of 
instruction" of this kind would be of great value to the sanitary interests 
of the state. 
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The Sanitary Bulletin. 

The Sanitary Bulletin has been published quarterly during the past two 
years, and is a direct means of announcing rules and regulations issued 
from time to time by the State Board of Health, giving information con- 
cerning the law covering special conditions, the duties of local boards of 
health in certain cases, papers on the restriction and prevention of disease, 
and many things of sanitary interest to the public generally. The Bulletin 
has been the means of diffusing a great deal of information in its partic- 
ular line among the people of the state, and many expressions of commen- 
dation have been received for it. It will also be used as a means of inform- 
ing the public of the work done from time to time in the State Laboratory 
of Hygiene, and particularly will it devote some consideration in the 
future to the question of adulterated foods, drugs, etc., as well as to some 
advertised preparations which, if not dangerous to the public health or 
misrepresented as to quality, are commercial frauds, to say the least. As 
stated elsewhere, a large amount of work devoted to the investigation of 
the water supplies of the state during the past two years has made it im- 
possible to take up the food question as we would have done; but this 
subject will be given much more attention and investigation in the near 
future than it has ever before received in this state, and the Bulletin will 
be the means of communicating the results to the public. 

Registration of Vital Statistics. 

The board has charge of the registration of births, marriages, divorces, 
and deaths for the state, and makes a biennial report, mostly of a statistical 
nature, on the results obtained by the tabulation of these returns. 

The report for the years 1900 and 1901, issued almost simultaneously 
with this report, consists of a volume of a little more than four hundred 
pages. This work does not possess much interest to the public generally, 
but is of incalculable value as a matter of record, and for the sanitary 
guidance of health authorities in showing the general prevalence of dis- 
ease and the mortality of every town and city in the state, thereby becom- 
ing an index of the results of public health work, as well as pointing out 
localities where special work may be necessary to restrict a disease where 
the mortality is in excess of the general average. 

In this work practically Dr. Farr's system of the classification of the 
causes of death is used, as it has been for many years. It has, however, 
become antiquated by reason of medical and sanitary advancement, and 
will not hereafter be used in the New Hampshire Registration Reports. 
The Bertillon classification, otherwise known as the "International Classi- 
fication of the Causes of Death,^V^which has been adopted by all the 
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Americas and a large part of Europe, will be used. It is the same classifi- 
cation as was used by the United States Census in its last statistical com- 
pilation of the causes of mortality. 

The Commission on State Sanatobium for Consumptives. 

The commission appointed by the governor, under an act of the last 
legislature, to consider the feasibility of establishing a state sanatorium 
for consumptives have not been idle, and they will present a report which 
will be likely to carry conviction to the minds of all who will study it 
from an unprejudiced standpoint. 

The mortality resulting from tuberculosis in the state of New Hamp- 
shire will be shown for a period embracing the last twenty years; the num- 
ber of deaths yearly chargeable to it; the age periods most largely affected; 
the nature of the disease itself; its curability; the results that have been 
attained in various sanatoria; and many other facts necessary in order to 
arrive at a correct conclusion. 

The commission visited and carefullv examined into the details of 
several sanatoria established for the cure of this disease. They believe 
that if the legislature and the public could visit these institutions all 
skepticism as to their value and the results accomplished would be irre- 
sistibly swept aside, and that such interest would be awakened that ample 
provision would willingly be made for a sanatorium in this state. 

At the Massachusetts Sanatorium, at Eutland, the commission found, 
upon the day of their inspection, 246 patients, nearly all of whom pre- 
sented an appearance of good health, with faces reddened and bronzed by 
constant exposure to fresh air, sunlight, and winds. Their demeanor was 
cheerful and happy. To cap the climax of deception, the commission wit- 
nessed a game of baseball which would have done credit to a professional 
team, while there was an enthusiastic audience of some two hundred per- 
sons, — ^yet every one of them was a consumptive. 

Some of them were already recovered and were ready to be discharged, 
while the great majority were well along on the road to restored health. 

A few years ago no one would have believed such results possible, and 
today, even, they seem incredible to many, — ^yet the facts are apparent 
year in and yesiT out to those who visit these institutions. 

The commission also visited the Adirondack Cottage Sanitarium, an 
institution begun nineteen years ago with a single small, unpretentious 
cottage costing eight hundred dollars, but now comprising many build- 
ings and more than half a million dollars invested, — and all this in the 
name of charity, through the splendid and unselfish efforts of Dr. 
Edward D. Trudeau. 

There the same results were apparent as were found at the Massachu- 
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setts institution. The annual reports show that from 50 ix) 70 per cent 
of the patients who have heen there for treatment have been returned 
to their homes restored to health and usefulness. Nor are these the fig- 
ures of temporary results, for the institution, year after year, keeps in 
touch with its ^^graduates,*^ in order that the ultimate results of the treat- 
ment may be definitely known. 

At Sharon, Mass., is another sanatorium for the treatment of consump- 
tive females; another great work for charity's sake, established and main- 
tained largely through the efforts of Dr. Vincent Y. Bowditch of Boston, 
who is recognized as an authority on this subject by the medical pro- 
fession. 

At that institution were found girls from the factory, clerks, school 
teachers, in fact young women from the various walks of life, most of 
whom were being rapidly restored to health. The curative results at 
this institution, covering its eleven years of existence, are on a par with 
those already mentioned. 

The remarkable results obtained at these institutions place the sana- 
torium treatment of consumption far in advance of any other method. 
Indeed, in a great majority of cases it probably offers the only path to 
recovery. 

All these facts are now matters of record. The method of treatment 
has been demonstrated through years of experience in this country and 
abroad, and it is believed that the time has come when the state should 
make some suitable provision whereby may be saved the lives of many 
who, without such opportunity for treatment, are doomed to an early 
death. 

Commissioners of Lunacy. 

The State Board of Health constitutes the State Board of Commis- 
sioners of Lunacy. The ninth report of that board, for the two years 
ending September 30, 1902, shows that there were, on October 1 oJE the 
present year, at the New Hampshire State Hospital and the several county 
almshouse institutions, 736 insane persons, — a slight decrease during the 
last three years. 

Of the number committed to the New Hampshire State Hospital for 
remedial treatment by order of the board, for the two years ending Sep- 
tember 30, 1902, 34.92 per cent have been Sischarged cured; 13.49 per 
cent, improved; 8.73 per cent, unimproved; 5.55 per cent, deceased; while 
the remainder are still receiving treatment. 

The law was put in operation in 1889, since which time 704 persons 
have received treatment by order of the board. 

On the subject of the criminal insane, the report says: 
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"The practice of committing insane criminals to the New Hampshire 
State Hospital, to be placed in huildings and wards occupied by other 
patients, is a procedure which we believe to be wrong from every point 
of view, and we would urge upon the legislature some action to remedy 
this evil. A separate building, at least, should be provided for such 
insane persons as have committed homicide or other serious crimes, and 
such building should be safeguarded against the escape of its inmates. 
At the present time, under the administration of existing laws, this 
cannot be done, and it is not an unknown occurrence for a patient who 
has committed murder to escape from the New Hampshire State Hospital. 
This institution was not designed for the reception of criminals. To obtain 
the best possible results it is necessary that the insane shall have the 
greatest possible liberty consistent with safety to themselves and others, 
and in no sense is the State Hospital a proper place for the incarceration 
of criminals." 

Special Reports. 

In the following pages will be found reports on the "Examination of 
Water Supplies," "Water Supplies of Cities and Towns," "State Labor- 
atory of Hygiene," and "Miscellaneous Papers." Numerous sub-topics 
are taken up under the several heads, particularly under the last topic 
mentioned. 

Several papers relating to specific diseases and causes of diseases are 
given following the special report on the laboratory work. These are 
so complete in themselves that a summary is unnecessary. 

Reference to all of the more prominent matters contained in this 
report may be found in the Index. 



EXAMINATION OF WATER SUPPLIES. 




Prior to the establishment of the Laboratory of Hygiene, no systematic 
examination of the piibhc and private water supplies of the state had 
ever been attempted. It was the custom of the State Board of Health 
to have samples from suspected supplies analyzed by private cheniistB 
whenever it was deemed necessary, but no speeial attention could be given 
to the work; however, some of the results so obtained were published by 
the board from time to time. There had also been considerable work 
accomplished by private lowners in the way of examination and analyses 
of projected supplies, and in cases n'here an outbreak of sickness sngi^ested 
an impure water. The State Experiment Station had made water analyses 
for some years past, and reached gratifying results in the examination of 
the supplies of several of our larger cities. These examinations, together 
with suggestions and explanations coneerning the work, are in part incor- 
porated in Bulletin No. 53, entitled, "The Farm Water Supply." With 
the establishment of the J,aboratory of Hygiene, under the management 
of the State Board of Health, opportunity was afforded for taking up the 
much-needed work in a systematic way. The results of the investiga- 
tions since the opening of the laboratory are included in this report. 

Since it was evident that the public supphes were furnishing accept- 
able water, attention has been given chiefly to the examination of private 
supplies suspected of causing illness and so located as to be liable to pollu- 
tion. I'or the collection of these samples we are indebted to the phy- 
sicians of the state and to the local boards of health, who have not only 
collected and shipped us samples, but at our suggestion closed many 
supphes which were shown to be unfit for drinking. 

The water .=upplies of our state can be variously classified, but for our 
present purpose it is most convenient to discuss them under the heads 
of spring, well, and surface waters. In the class of spring waters we 
include those supplies which flow continuously or intermittently from 
the ground, or from fissured rock; well waters are those which are reached 
by an excavation either by digging or boring a cylindrical hole into the 
Biibsoil or stratum underlying the surface of the ground, the interstices 
of which are filled with water; surface waters include rivers, ponds, and 
lakes, either natural water courses which carry away the accumulated 
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rainfall or basins which store the water that drains from the surrounding 
watershed. 

Spring waters have always been held in high repute as sources of domes- 
tic supply, and justly so, for springs as a rule yield water of a high degree 
of organic purity. Their water is derived from the rain which, falling 
upon the ground in a relatively pure condition, passes readily into the 
pervious soil. Soaking slowly through the soil, it reaches an impervious 
ertratimi along which it may flow for miles, losing by oxidation and filtra- 
tion whatever organic matter it may have accumulated before it passed 
into the soil, and finally emerging at some rock fissure or gravel bed, clear 
and sweet, and as nearly pure water as nature furnishes. The amount 
of water yielded by springs depends upon the amount of rainfall absorbed 
by the collecting surface, and is therefore proportional to the area of 
such surfaces. The character of the water depends upon the nature of 
the materials with which it comes in contact in its underground flow. 
If, for example, it passes through beds of gypsimi, it will contain much 
sulfate 'of lime; if over beds of iron ore, it will be chalybeate in nature. 
In a word, its mineral characteristics will be that of the stratum through 
which it passes. The granitic character of our soil and the varied topog- 
raphy of our landscapes insure us abundant springs, flowing pure and 
acceptable water. 

Springs can often be utilized in supplying families and small com- 
munities with water. When it is not possibla to convey the supply by 
gravity, the flow is frequently sufficient to work a ram, turbine, or other 
form of pumping engine. 

The wide and favorable reputation of New Hampshire water is due to 
the imexcelled character and large number of spring supplies. Removed 
as they usually are from all danger of contamination, they furnish us 
thousands of supplies of unrivaled purity. Unfortunately, the natural 
character of the water is frequently influenced by the kind of pipe through 
which it is conveyed. The customary use of lead pipe for this purpose 
in many cases changes a pure and wholesome water to one charged with 
insidious poison which slowly, but none the less surely, undermines the 
health of the consumer. The subject of lead poisoning is treated at 
length in another article. 

Our surface waters are also very generally pure. The waters of our 
three large lakes, Winnipesaukee, Sunapee, and Newfound, are as pure 
as any in the world. Their watersheds are so sparsely populated, and 
their tributaries so free from the waste of manufacturing operations, 
that they are magnificent natural reservoirs capable of furnishing the 
supply of a metropolis. Brook, pond, and river waters are generally rain 
waters which collect from the surface of a natural watershed, but the 
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character of the water as it falls in rain is nmch modified when it reaches 
its ultimate goal in pond or river. In its flow over the surface of the 
ground, down steep hillsides, through forests, over beds of accumulated 
peat, over cultivated fields and rocky wastes, it has been busy extracting 
material of all kinds: organic matter from the dead leaves of the forests, 
coloring matter from the peat and grasses of the lowlands, waste matter 
from the cultivated fields, mineral constituents from the rocks. As it 
flows on it receives the overflow of springs, drainage from inhabited 
areas, surface wash from pastures, sawdust and other waste matter from 
manufactories. 

Because of their secluded location, the cleanliness of their watersheds, 
and the unlimited amount of water they provide, ponds and streams 
are usually looked to as sources of water supplies by our cities and large 
towns. Their water is soft and well aerated, but apt to be flat from the 
small amount of carbonic acid it contains. The water of ponds is also 
liable to be affected by the growth of fresh-water sponges and the class 
of plants called algae. The former by their decay may give the water a 
disa^eeable appearance and odor, but this is not proved injurious to 
health. The latter are so fine that they cannot be distinguished in a 
glass of water, but in larger quantities they impart a greenish hue, and 
the use of water so affected may cause intestinal disturbances. 

As a rule, the rivers used as supplies in New Hampshire are free 
from sewage and so are not considered as liable to cause diseases among 
Ulcers of the waters. But it is a fact that in several instances our towns 
are using water from streams which receive sewage in greater or less 
quantities in the course of their flow. It has long been thought that 
running water would purify itself; that any sewage flowing into a river 
would be destroyed by oxidation in the course of twenty miles' flow, and 
chemical analyses have tended to support this assertion. For instance, 
the river Seine, which receives the sewage of Paris, becomes, fifty-five 
miles below the city, almost as pure as it was before the entrance of the 
sewage. Several factors are concerned in this apparent purification. 
Oxidation does occur to some extent. The experiments of the English 
Rivers Commission indicate that in fiowing twenty miles from 20 to 
30 per cent of sewage might, in summer, be destroyed by oxidation. 
Then precipitation is constantly going on, and suspended matter is 
rapidly removed by this means. But most of the apparent purification 
of running streams results from the great dilution of the sewage by the 
constant increase in the volume of a river, from both tributary streams 
and inflowing ground water. In this way the poisonous matters may 
be so diluted that they are beyond the power of chemical analysis to 
detect. Yet should the germs of disease have been present they are 
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Btill there, and as powerful for evil aa ever. Dr. Frantland, a high 
authority on this subject, says: "There is no process practicable on a large 
Bcale l]y which sewage can be removed from water once so coutaminated, 
and therefore I am of the opinion that water which has once been con- 
taminated by sewage is thenceforth uiisuitable for domeBfie use." 

"If a stream has received much filth in its course, its waters should 
be considered objectionable, and to be avoided for human use, unless, 
indeed, the volume should he so great compared with the filth pollution 
as to be practically independent of such reasoning. If sewage contains 
the germs of disease, whatever they may be, no agent at present known, 
except a sufRciently high temperature, will efficiently destroy them." 
(Mass. S. E. n. Report, Vol. VIII, page 283.) 

It is altogether feasible to provide against the direct contamination 
of water supplies from sewage by requiring all communities to treat their 
sewage in such manner that the effluents shall conform to a given standard 
of hygiene before it is permitted to go into our water courses, lakes, and 
ponds. From a moral standpoint they should feel obliged to render 
innocuous their sewage before allowing it to escape into the streams which 
furnish water supplies for their neighbors down the stream. The time 
is not far distant when legislation will compel such action and insure 
the continued purity of our water courses. Now that the efluctivenesa 
of the septic tank treatment has been demonstrated, no new sewage sys- 
tem should be introduced in the state without providing for septic treat- 
ment of the sewage, and as rapidly as possible the existing systems should 
be improved to conform to modem ideas. 

While our villages and cities rely on surface water supplies, the great 
majority of our agricultural population, comprising more than 35 per 
cent of the inhabitants of the state, are dependent on the well for a water 
sup]jly. A well, whether bored, dug, or driven, is simply a cylindrical 
shaft extending down into the subsoil or stratum underlying the surface. 
When a pervious subsoil o.f sand, gravel, or limestone overlies an im- 
pervious material, such as clay or granite, a portion of every rainfall enters 
the subsoil and, being held up by the impervious layer below, tends to 
accumulate. The water thus held in the interstices of the rocks lying 
immediately beneath the soil is "subsoil" or "ground" water, and consti- 
tutes about 40 per cent of the soil which it occupies. Its surface is not 
level but slopes towards its natural drainage outlet, from two to eight 
feet to the mile. The water thus forms a subterranean river, always 
flowing in one direction. A well penetrating the stratum through which 
this river flows is filled by the water to the same height that it occupies 
in tJie soil. If the water in the well is wholly undisturbed there will 
be a constant but imperceptible current in it in the direction of the 
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f ow of the ground water, and there will be no flow into the well save in 
one direction. But if the well is freely drawn upon so the level of the 
water is below that of the water in the surrounding earth, inflow will 
take place from all directions. This inflow is liable to take place from 
a distance of one hundred feet laterally, and from a much greater dis- 
tance in the direction from which the ground water flows. Hence we may 
accept it as a fact that filth within one hundred feet of a well will in- 
fluence the character of the water. But this is not the whole truth, for 
the original source of filth may be much further away and have grad- 
ually defiled the soil in the direction of the well until it extended within 
its influence. Cesspool filth has been known to permeate through the 
soil for a distance of two hundred yards and poison wells. 

It is wholly probable that there are 50,000 wells now in use in this 
state, and that 150,000 people are dependent upon them for their water 
supply. It is doubtless true that at one time nearly every one of these 
wells furnished an acceptable supply for drinking and domestic purposes. 
Such, however, is not the case today. 

In early times little regard was given to hygienic laws, and the well 
was located as near the kitchen and barnyard as water could be foimd. 
The slight amount of. filth which was spread upon the ground in the 
vicinity of the well was not sufficient to materially aflfect the quality of 
the water at first, and the fame of the pure supply was one of the legacies 
handed down to later generations. The well may still be used, its water 
may be clear and sparkling and the fame of its purity possess the minds 
of users of the supply: and yet the sewage of years has been poured upon 
the gfoimd about the well until the water is but a pool of filth, reeking 
with corruption and disease. 

As an example of the disease-producing properties of a bad well water, 
the following instance is cited: In September, 1901, a convention was held 
in a hall in Jaflfrey and dinner was served to those in attendance. About 
two weeks after the convention cases of typhoid fever began to develop 
among those who were there. Eleven cases in all were reported, with one 
death. Investigation showed that the water used at the dinner was of very 
bad quality, and after a searching examination was held to be the cause of 
the epidemic. The results of the examination of the supplies which fur- 
nished the water are given under Nos. 206, 207, and 208. 

In a small rural village the supply of water from wells may have been 
of unexceptionable quality for an indefinite time, but the place grows, pop- 
ulation becomes more dense, the ground water is drawn upon in excess 
of the supply, the drainage area of the well is increased, and the water 
becomes less pure both from this cause and from the increased amount 
of sewage returned to the soil, which is sure to become saturated beyond 
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its power of oxidation, and pollution of wells ia inevitalile. "Wells should 
be abandoned as a source of water supply for household use whenever 
there are more than two houses to an acre of land. 

Fortunately for the health of the community, the introduction of water 
systems has caused many of our town and most of our city wells to be 
filled up. Many city wells have been examined at the State Laboratory 
of Hygiene, and in almost every case found grossly polluted. A few 
years ago the city of Brooklyn caused the water from private wells within 
the city limits to be examined, and of the 655 supplies but seven were 
found to be suitable for drinking. It Is unfortunate that many men 
guard the honor of their water supply as sacredly as the honor of their 
name, and refuse to believe that a water that has been used for gener- 
ations can be otherwise than pure. However praiseworthy this attitude 
may seem it is wholly wrong, and the time will come when aicknesa will 
teach what sanitary science has failed to do. 

During the past year we have examined the water from over 800 a 
plies. Generally the samples have been sent us after correspondence c 
ceming them, and in receptacles furnished by the laboratory. In some 
few instances, however, we have received samples in ju^ and bottles at. 
all kinds, and in such condition that an analysis of any value whatever 
was impossible. 

From the results obtained since the establishment of the laboratory, we 
have prepared the following tables and diagrams, which show most clearly 
the general character of our waters: 



Diagram No. 1. — Showing total number of water gxipplies e.camined, and the 
from which they leere derived. 

814. Total nnmlDer of supplies examined. 

534. Wen supplies. 

172. Spriiifr applies. 



60. Stream snpplies 
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Diagram A'o. 3. — Shou'ing results of e.rammnliont of vmirr Kupplut. 
814. Total number of sapplios pxaiiiineil. 



83, Doubtfiil. 
413. Bad and donbtfol considered li 



Dittgram No. 3. — Showing Teaulln of examinations of well suppUfi 
524. Towl unmber of well anppliea esaminprt. 



Diagram No, 4'~~Showing Teivlts of examinations of ipring luppltes. 
172. Total umnber of spring anpplies examined. 



U. Doabtfol. 
148. Total number of good Bopplies, igiioriug the presence of lead. 



Diagram No. .T.—Slii<ii:hig rei-uUs of c 
81. Total iiuail>er of pond supplies e: 
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Diagram No. S. — Shoving results of Mnmiiuiliotis of slreiim euppiie: 
60, Total irnmber of atream Happlies examined. 



Of the waters from the 814 supplies exaininefl, 401, or 49.2 per cent, 
were of such quality as to be ahove suspicion, and were reported as good; 
321, or 39.4 per cent were without doubt polluted and unfit to drink; 
and 92, or 11.4 per cent, were neither good enough to be included in the 
first class, nor polluted to such an extent as to malce them wholly unfit 
for use. Tliis last class, which we will call doubtful, includes waters 
that have received pollution in the past but at present are not being con- 
taminated, or, if so, by only ainall quantities of filtered sewage. 

To make the comparison more clearly seen, and since sooner or later 
the doubtful waters will become polluted, let us consider but two classes 
of water, good and had. Then of the 814 waters we find 401, or 49.3 
per cent, good, and 413, or 50.8 per cent, bad. 

We have made another classification based on the sources of theee 
waters, and considered them as surface, spring, well, and cistern waters; 
and since the surface waters received, were of two classes we have further 
subdivided this source into pond and stream waters. Eighty-one pond 
waters were examined and C8, or 84 per cent, were found to be potable, or, 
in other words, of good quality for diinting purposes; 7, or 9 per cent, 
were bad; and 6, or 7 per cent, were doubtful. It is true that several of 
the waters classed as good contained an excess of vegetable matter dining 
a portion of the summer, but this condition is only temporary, and usually 
produces no ill effect. Of the 7 waters classed as bad, three were bo 
placed because they contained lead which was dissolved from the lead 
service pipes. 

Of 50 stream supplies, 46, or 90 per cent, were of good quality; 3, or 
6 per cent, were doubtful; and 2, or 4 per cent, were bad. 

Of 172 spring sources, 103, or 60 per cent, were good; 45, or 26,5 per 
cent, bad; and 24, or 13.5 per cent, doubtful. These figures hardly 
express the sanitary condition of our springs, for 34 of the 45 bad supplies, 
and 11 of the 34 doubtful waters were naturally very pure, but contained 
lead in considerable quantities, and were necessarily reported as bad. 
If we ignore the effect of the lead, or, better, consider the condition of 
the water at its source, we find that of the 178 spring waters examined, 
148, or 86 per cent, were potable. 
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Seven cistern supplies were examined and 5, or 71 per cent, were found 
to be good, although in several instances having a marked odor and 
disagreeable taste. Two, or 29 per cent, were bad. 

But it is the well supplies that are of greatest importance, and the 
figures obtained are almost startling as we realize their significance. Of 
524 well supplies examined, but 180, or 34.3 per cent, were good; 265, or 
50.7 per cent, were bad; and 79, or 15 per cent, were doubtful. Or con- 
sidering the doubtful and bad in one class, we find 65.7 per cent of the 
well waters bad or of questionable quality, and but 34.3 per cent above 
suspicion. 

These figures show plainly the condition of our drinking waters. 

With the facts now clearly before tis, let us discuss the factors which 
may impair the quality of a water. Concisely stated, they are as follows: 

First. The presence of substances which have a direct disturbing in- 
fluence on the system. A particular instance is recognized in the use of 
hard waters by those who have been accustomed to soft, and vice versa. 
Many very hard waters containing iron cause dyspepsia; other naturally 
pure supplies are filled with lead, and so become very dangerous to the 
user; waters containing sulfates of magnesia and soda have a decided 
effect on the system. Dissolved vegetable matter in large amounts is 
credited with having an injurious effect, while bad odors and tastes, irre- 
spective of their nature and origin, may be injurious to persons of delicate 
constitutions. 

Second. The presence of the products of decay. It is well known 
that decaying animal and vegetable matter is unfit for food. In the 
process of decay, more particularly of animal matter, virulent poisons, or 
toxines, are often formed. It is possible that in grossly polluted waters 
the changes going on may produce some of these poisonous compounds. 

Third. The presence of micro-organisms in the water. It has long 
been known that the waste products of human life are the most harmful 
of all forms of pollution. In seeking a cause for this harmful effect, we 
find the most ready explanation in the presence of the germs of disease. 
The numberless instances of the contamination of water by typhoid germs 
are abundant proof that we have our greatest enemy to healthful water in 
micro-organisms. 

Since we now realize that under present conditions a great number of 
our water supplies are a constant menace to the public health, it becomes 
necessary to provide remedies which will avert the danger. 

This problem is a hard one to work out, for it necessitates the abandon- 
ment of very many wells whose waters are polluted beyond all possibility 
of purification, and thus compelling search for a new supply. In some 
instances the expenditure of a few dollars will bring pure supplies to tK<^ 



12 STATE BOARD OF HEALTH. 

house by gravity, but in many other cases, in Hettlements of half a dozen 
families, or even less, the most advisable plan ia the establishment of a 
common supply. The water can be raised from a spring, driven well, 
or stream to a standpipe or water tower, either by gravity or by a. wind- 
mill, or other power, and thence piped to each hoiiseholder. In this way 
the cost of establishing the system is reduced to a minimum for each per- 
son benefited, and a constant, safe, and wholesome supply is afforded. 

In other eases where the water is but slightly contaminated, and where 
the cause ia traceable to adjacent sink drains, cesspools, and privy vaults, 
the removal of these polluting influence& will frequently restore the water 
to its uormal condition. 

In all eases wells should be so made that the entrance of surface water 
and drainage is impossible. This is best effected by bricking up the 
aides of tlie well for a distance of several feet below the surface. The 
bricks should he laid in cement, and thickly plastered both inside and out 
until impervious to water. Large earthen-ware pipes are obtainable, 
which, when carefully "joined together by cement, afford perfect protec- 
tion against the dreaded surface water. 

Where danger is feared from lead poisoning, the only remedy is the 
substitution of the lead supply-pipe by some other approved pipe. Gal- 
vanized iron pipe will prove satisfactory in most cases. There is but 
little fear of zinc poisoning from its use. 

METHODS EMPLOYED IN THE EXAMINATION OF WATEB 
SUPPLIES. 

We have been guided in our work by the valuable experience of the 
Massachusetts State Board of Health, whose investigations along the 
lines of pure water supplies have beconae classical. For the suggestions 
and advice they have so cordially given we express our sincere appreciation. 

Since we have been obliged to rely upon the co-operation of untrained 
assistance in the collection of water samples, a bottle securely packed, 
together with full instructions for collecting and shipping, is sent to 
each person who requests the examination of a supply. A one-gallon 
bottle of clear, white glass, with mushroom stopper, is used. It is shipped 
in a strong wooden box, lined one inch thick with felt and left uncovered 
at the top. The stopper of the bottle projects above the top of the box, 
and thus insures the carriage of the sample in an upright position and 
prevents breakage through being covered by other articles. The package 
is marked 'Ijaboratory of Hygiene, Concord, N. H.," and is well adapted 
to its purpose. There is no breakage of bottles, no freezing in winter, and 
the package is transported economically and without delay. 
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A tagged envelope, marked "Open for Instructions," is attached to the 
package and inclosee a blank form with instnictiona and questions to be 
answered by the collector, a piece of cloth, sealing wax, and string for 
sealing the bottle securely and a return envelope addressed to the Labor- 
atory of Hygiene, In this envelope the filled-out blank is placed. The 
inEtructions given and questiona asked are as follows: 

THE STATE OF NEW HAMPSHIRE, 

State Board of Health, Laboratoht of Hyqienb, 

Concord, N. H. 

Wateb Foa AttALtsia. — iNSTBOcnoRa. 

H«ad carefully and comply with the reqniremenfs in every particular. 

1. From a Wattk Tap. — The water should run freely front the tap for 
a few minutes before it is collected. The bottle is then to be placed directly 
under the tap, and rinsed out with water art least twice, pouring out tie 
■water completely each tjme. It is then again to be placed under the tap 
and filled to overflowing, and then a small quantity poured out, so that 
there shall be left an air space under the stopper of about an inch. The 
stopper must be rinsed off with flowing water and inserted Into the bottle 
■while still wet, and swured by tying over it a clean piece of cotton cloth. 
The ends of string must be sealed on top of the stopper. Under no Hrcum- 
stances mvgt the lusUte of the neck of the bottle or the istem of the stopper 6e 
touched by the hand or wiped with a cloth. 

2. From a Stream, Poptd, or Reservoir. — The bottle and stopper should 
be rinsed with the water, if this can be done without stirring up the sedi- 
ment on the bottom. The bottle, with the stopper in place, should then be 
entirely submerged in the water and the stopper taken out at a distance of 
about twelve inches below the surface. When the bottle is full, the stopper 
is replaced below Ihe surface, if possible, and finally secured as above. It 
■will be found convenient in taking samples in this way to have the bottle 
weighted, so that it will sink below the surface. It is important that the 
sample should be obtained free from the sediment on the bottom of a stream 
and from the scum on the surface. If a slream should not be deep enough 
to admit of this method of taking a sample, the water must be dipped up 
with an absolutely clean vessel and poured into the bottle after it has been 
rinsed. 

3, From a Well.— Pump or draw the water in -the usual manner, rinse 
the bottle and stopper, then fill, using all the precautions above mentioned, 
and seal as directed. The sample of water should be collected immediately 
Wort ghipplnn by express, m that iia little time as possible shall intervene 
between the collection of the sample and its examination. 

NOTE. Ill order to Intorprat Dorrecllr the results ot nn niialyalsof a given aample ot 
nUrll ia necesBiiiy to tnke Into Bccount a[] ihe factors an J eouitltioiiH that mur poBBlbl? 
taptltlCa purity or In any manner fttTeot its quality; therefore we dsB Ira that thelollQW- 
"t Wank shall be flUed out ilb ftocurately sml as completHly as possible and enolosed in 
""s eorelope tag used In ah 1 pi>i n g tlie sample lo tSe Laboratory. No eiaminatlon will be 
mtde nnlesB tlieae requlretuenta are complied with. 
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Sample of Water. 

From 

Name of town or city. 

Collected and sealed by 

Name and address. 

Collected from 

State whether the water is from a tap, or from stream, pond, reservoir, spring, well, or 

other source : 



Collected on 

Give day, date, and hour of day. 

If sample is from a well or spring near or about buildings, give particulars 
as follows: 
Distance from privy 

" " sinkdrain 

" " cesspool 

" " barnyards, etc 

Depth 

Is the drainage slope from any of the above-named towards the well or 
spring? 

If away from buildings, is the source from which sample was taken sur- 
rounded by or near to a field of grass, or plowed lands, manured land, in 
the woods, etc.? Give particulars fully: 



Kind of soil and subsoil 

In case there are any abnormal or unusual conditions (other than above 
named) existing in the source of the water, mention the facts — as, for in- 
stance, if the streams are swollen by recent heavy rains, or are unusually 
low, or if there is anything remarkable in the appearance of the water, or if 
any taste or odor has been observed. 



Is there a suspicion that the water may be polluted? If so, state probable 
or possible source of contamination 



Is the water now suspected as a cause of illness? If so, state particulars. 
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Signature , 

Address 

Date 190 . 

Sample received No, 



Upon receipt of the sample of water the tag envelope is opened, the 
blank form given a serial number, the bottle marked to correspond, and 
the number entered on the record book of the laboratory. A general san- 
itary analysis is made as soon as possible after the receipt of the sample, 
generally within twenty-four hours. The factors determined are the 
total and fixed solids, free and albuminoid ammonia, nitrates, nitrites, 
chlorine, hardness, color, odor, turbidity, sediment, and all general char- 
acteristics. If the water has passed through lead pipe, it is examined 
for lead, and if it appears that iron is present in any quantity the amount 
present is determined. If the water is suspected of causing typhoid fever, 
the specimen is examined bacteriologically, but in ordinary analysis we 
do not consider the bacteriiological examination sufficiently necessary to 
warrant its being made in the case of the single samples that come to us. 

These results, together with the information we have concerning the 
surroundings of the supply, enable us to determine the character of most 
of the polluted supplies and inform us as to the potability of the uncon- 
taminated waters. Those waters which appear to be slightly polluted, 
but which ai:e not sufficiently bad in quality to warrant condemnation, 
are kept under surveillance and repeatedly examined until the true char- 
acter of the supply is determined. 



EESULTS OF ANALYSES OF WATER SUPPLIES 
ARRANGED IN OBDEE OP THEIE EXAMINATION. 
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t Sulfates present in large amount. 
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WATER SUPPLIES OF CITIES AND TOWNS. 



WATEE SUPPLIES OF CITIES AND TOWNS IN NEW 

HAMPSHIRE. 



From time to time some investigations have been made by the State 
Board of Health into the character of certain public water supplies, the 
resxilts of which have been mentioned, and in some instances quite exten- 
sively reported upon in the reports of this board. 

Numerous private supplies, also, suspected of being the cause of illness, 
have been examined, but not before have we been able to present so valu- 
able a mass of facts upon this subject as is included in this report, for the 
reason that not until the establishment of the State Laboratory of Hygiene 
were facilities afforded the board for systematic work in this direction. 

A description of some of the public water supplies of the state was pub- 
lished in Vol. 14 of the reports of the State Board of Health, but while 
in some instances that report gives a very complete description of the sys- 
tem, in others they are not described at all, and only in a few cases was a 
report made upon the character of the water as shown by chemical 
analysis. 

Although a great amount of work has been done at the laboratory in 
the investigation of our water supplies, and in the analysis of both public 
and private supplies, as is shown in this report, it has been impossible to 
analyze all the public supplies of the state. The work will be carried on, 
however, until this has been accomplished, and such occasional re-exam- 
inations will be made as may be deemed necessary to keep a careful watch 
over the quality of the water. 

The large demand for the examination of private supplies, chiefly in 
eases where the water was suspected of pollution, has consumed so much 
of the time of the laboratory that not so much work could be done in 
the examination of public water supplies as was desirable; yet the benefit 
that has been afforded by the examination of these private supplies, by 
detecting many waters that were unfit and even dangerous for drinking 
purposes, has been not only a justification of this particular work, but of 
great value to many families and communities. As a result of this work, 
many wells that were polluted to an extent that was dangerous to the 
consumer have been closed, and other supplies of undoubted quality sub- 
stituted. 
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Numerous instances in whieli an excessive amount of lead has been 
found, as is shown elsewhere in this report, and other conditions inimical 
to public health have been reported, and remedies applied in a great 
majority of cases. Many letters have been written, in addition to the 
chemists^ regular report, pointing out what measures could best be carried 
out to remove existing dangers. So great has been the demand for exam- 
inations of this kind that not infrequently have we been unable to answer 
all the calls as promptly as we would have liked, yet in no instance has the 
laboratory declined to make an analysis of a water used for domestic pur- 
poses, or of a contemplated supply. 

The board has in view investigations which thus fax it has been impossi- 
ble to undertake, among which may be mentioned the examination of the 
water supplies of our summer resort hotels. Many of these are known to 
be from sources of undoubted purity, from topographical examinations 
that have been made by the board from time to time. Nevertheless, analy- 
ses of these supplies will eventually be made. 

The data given in the following report upon the water supplies of the 
cities and towns, with the exception of the laboratory work, were obtained 
through the courtesy of the local boards of health of the state. To get 
the facts in the briefest possible manner, the following questions were 
submitted: 

STATE OF -S^EW HAMPSHIRE. 

State Board of Heat^th. 

Water Supply. 

Town » 

Does your town own or operate a public water supply? 

Are there any private companies supplying water for public use? 

If so, give eoi-porate name of such 

When were the works built, and by whom? 

Is the source of supply a pond, stream, spring, or well? 

If from a pond, state area, average depth, kind of bottom, etc 



Give approximate area of watershed; wooded or cleared land; and number 
of inhabitants thereon 



Are the shores of the pond frequented by picnic parties, or occupied by 
Slimmer cottages? 

If from a stream, give approximate volume of water flowing under normal 
conditions 
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* 

I^ocs the stream receive any sewage, or waste from manufacturing oper- 
ations above the intake of the supply? 

Xt 60, state approximate amount 

If from springs or wells, give depth, quantity of water flowing, character 
of soil and subsoil, etc. Are wells bored, driven, or dug? 



Is the water supplied by gravity, or pumped to standpipe or reservoir? 

It standpipe, give capacity; if reservoir, give capacity, area, and depth 

How many miles of distributing mains are in use? 

What kind of pipes are used for the mains? 

What kind of pipes for service pipes? 

What is the average daily consumption in gallons? 

Has the water ever been analyzed? If so, by whom and when? 

State percentage of population using public water supply 

State number of families using the supply described 

Are there many private wells still in use within the radius reached by the 
public supply? 



■ • • • 



(Signature) 

(Postoffice address) 

(Date) 

Keimabks. — [Here give any facts or information relating to the subject not 
incorporated in above answers.] 

The substance of the returns made, together with a report on the labo- 
ratory work done on both public and private supplies of the respective 
towns and citief?, is given in the following pages. 

AcwoRTH. — "No public water supply. Families get their water from 
wells or from springs, and lead pipe is used as a rule. 

Albany. — There is no water supply other than wells and springs. The 
wells are mostly dug; a few are driven. 

Alexandria. — 'No public supply. Water is obtained from private 
wells and springs. 

Allenstown (Suncook). — The Suncook water-works, established in 
1877, is supplied from a pond of twenty-five acres and an average depth 
of fifteen feet. The water runs through five miles of galvanized iron 
distributing mains, by gravit}^, to sixty families. Twenty per cent of the 
population take this water. 
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Chemical Examination of Waler from a Faucet in Pembroke, Supplied by 
SuncBok Waler-Works. 
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Samples from four priva'te supplies were examined, three of which 
proved good and one of bad quality. See Nos. 193, 608, 706, and 743 
in the table of a 



Alstead. — No public supply. A member of the bo^rd of health writes: 
"The town of Alstead is supplied, first, from wells varying from five to 
possibly twenty feet in depth; say, two thirds use wells, the quality of 
the water being, on an average, very indifferent. Abont one third of 
the people pipe from 'springs,' some by themselves, while others band 
together in small numbers and so lessen the individual cost. As fax as 
I know, with two exceptions, the running water has never been analyzed, 
and that was some ten years ago. The analysis of one water supply 
proved it to be very unsatisfactory, but it is still used, I think people hesi- 
tate about having their water supply tested for the reason that if it is 
condemned they will be uneasy, as they almost always get the water in 
first and analyze afterward." 

Two samples, one from a surface well and the other from a driven well, 
have been examined. The surface well was found to be unfit for drink- 
ing purposes, and the other contaminated sufficiently to render water of 
doubtful quality, if not positively bad. See Nos. 231 and 428 in table 



Alton. — No public supply. The Alton & Alton Bay Water-Works 
Company, established in 1893-93, supplies about one hundred families 
(90 per cent of the population) with water from a spring, except in dry 
weather, when it is pumped from Lake Winnipesaukee to a reservoir of 
150,000 gallons' capacity. The water flows by gravity from the spring. 
There are three miles of distributing mains, cast-iron; galvanized iron 
service pipes. 
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C^errtieal Exantirtation of Waier from Faucet of Supply of AUon A Alton 
Bay WtUer Company. 
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Amhbkst, — No public water supply. There are several private sup- 
plies, owned respectively by Elizabeth Nichols, Abby Melendy, H. H. 
Bdden, and Frank Taylor, springs being the source in each case. The 
soil is very light and sandy, and none of the wells are over six feet deep. 
The distributing mains, lead, are something Hke three or four miles in 
length. ■ About forty families take of this water, but there are also several 
indiTidual wells within the radius reached by these Bupplies, 
Chenieal Examination of Wafer from Nichols, Belden, and Melendy Spring*. 
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The water from these supplies is of excellent quality, but dissolves lead 
readily. There are, however, no cases of lead poisoning recorded from 
use of the water. 

Besides the above, a sample from one well was examined and proved to 
^ unfit for drinking. See No. 425 in the table of analyses. 

Andovee. — No public supply. Andover Center is supplied with water 
from springs on the south side of Bagged mountain. The water is col- 
lected in reservoirs 13 x 9, 10 x 13, and 15 x S feet, and 8 feet deep, 
snd is conducte'd through lead pipes. Physicians in the town say they 
l&ve noticed no ill eifeets from the use of this water. All the piping is 
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of lead. About thirty-eight families take from this water. The remainder 
oi the town is supplied from individual wells, the water being conducted in 
nearly every instance through lead pipes to the houses. ITiere have been 
a number of eases of lead poisoning from individual supplies. 

Chemical Examination of Water from Tap of Town Supply. 
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Eight other supplies were examined, of which three were good, one 
doubtful because of the presence of lead in small quantities, and four were 
bad. Of the four bad waters two were condemned because of the pres- 
ence of lead. For results see Nos. 25, 278, 399, 446, 451, 477, 597, 655. 

A>rTi!iM.— A water supply was installed by the town in 1893, the source 
being a pond of about sixteen acres in area and of an average depth of 
sixteen feet. The water flows by gravity a distance of eight miles through 
wood mains, and the service pipes also are of wood. About one half the 
population, 175 families, take this water. 
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jM\ the samples were collected from fauceta with the exception of No, 
05, which was taken directly from the pond. At the time the first four 
eamplea were examined the water was in a very bad condition. The color 
was very high, the odor very offensive, and the organic matter excrasive. 
This was caused by flowing a meadow which had not been stripped of turf 
and hnmns. Samples taken two months later showed a marked inprove- 
ment in the quality of the water. Of the four other samples examined 
three were of excellent quality and one was badly polluted. 

Samples from four private supplies, three wells, and one spring have 
been examined. One well was pronounced unfit for use; the others good 
water. See Nos. 40, 2B7, 303, 304, in table of analyses. 

Ashland. — The town installed a water supply in 1894, from a pond 
about half a mile square; bottom mostly gravel. It is a gravity system; 
about nine miles of distributing mains, cast iron; service pipes, galvanized 
iron. About 200 fauceta, representing 90 per cent of the population, have 
been put in. There are not many individual wells in the locality. 

Chemical Examination nf Water from Tap nf Toivn Supply. 
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A sample from one private supply has been analyzed and pronounced 
nnfit to iise. See No, 39 in table of analyses. 

Atsmson. — ^No public supply. Water is obtained from private wells. 

Adbubk. — No public water supply. There is one private supply from 
which seven families are furnished, and one public watering trough for 
the town, 

Bnt one supply was examined, and that was found to be pure. For 
resnlt see No. 464. 

BiBNSTEAn. — ^No public supply. Water is obtained almost wholly 
from wells, which have been dug from one to one hundred and thirty-five 
JMre. 

The two supplies examined were found to be badly poUuted, and unfit 
for drinking. For results see Nob. 31 and 752. 
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B.vEEiKQTON. — No public Or private water-works. 

Three samplea from private wells were examined, of whicti one waa 
good, one had, and one doubtful. For results see Nos. 559, 560, and 814 
in the table of analyses. 

Bartlett. — The public water supply, owned by the village precinct, 
was installed about the year 1888, by the Bartlett Water Company. 
Tlie source is a stream having a watershed of two square miles, wooded 
land, no inhabitants. It is a gravity. The distributing mains, and a 
majority of the service pipes, are of wrought iron. About one hundred 
families, the entire population, are consumers of this water. There Ib 
one private well in the locality. 

Chemical Examinaiion of Water J'twh Top of Town St^ypti/. 
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Bath. — No public supply. The Bath Aqueduct Company, private, 

about 1877 instituted a water supply from a spring excavated to a depth 
of six feet and twelve feet in diameter. It fills a two-inch pipe without 
slowing down. The iron distributing main is two miles long; service pipe 
is of iron. Fifteen families, 30 per cent of the population, are takers. 
A part of the village is supplied from other springs, five or six families 
taking from the same spring. There are no individual wells within the 
radius of these supplies. 
Ghemieal Examinaiion of Wnier from Faucet of Bath Aqueduct Company, 
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Bedford. — No public supply. Water is obtained wholly from private 
veils and aqueducts on the farms. There is no pond in town from whicb 
to obtain water, 

Belmont. — The Belmont water-works, owned by the town, were in- 
atalled in 1893. Water is obtained from wells, supplemented by a stream 
in dry seasons. One well was bored two hundred feet deep, and two wells 
vere dug. The water is pumped to a reservoir, covered, 130 x 30 feet, 
and ? feet deep, and having a capacity of about 100,000 gallons. There 
are about four miles of distributing mains, of wood, while the service 
pipes are galvanized iron. One hundred and ten families take from this 
supply. There is a pumping station for use in dry seasons, by which 
fl'ater is pumped from a stream to the reservoir. There is also a private 
supply in the town. 
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The water from five other supplies was examined, and one supply proved 
tc be bad, one doubtful, and three good. For restilts see Nos. 131, 399, 
30O, 382, and 397 in table of analyses. 

liMJNiNGTON. — No pubUc supply. The Bennington Water- Works 
Company^ a private company, in 1900 installed a system supplied from 
springBj with a supplementary supply from a stream. The main sup- 
ply is from springs and flows by gravity to a reservoir of about 1,500,000 
gallons' capacity. There is an abundant supply. There are about four 
miles of distributing mains; 12-inch pipe, one fourth mile; 10-inch 
FPe, one mile and a fourth; 6-inch, one mile; and the remainder 3^ and 
li-inch. The small pipe is part of a system put in in 1887, and now 
sttached to larger pipe. Can throw six good fire streams. Service pipe 
ifl J-inch galvanized iron. About ninety families, 60 per cent of the 
population, take this water. There are about fifty or sixty wells within 
tile radius. 
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Chemical Examination of Water from a Fawxl of the Bennington Water- 
works Company. 
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Two priTate supplies have been examined. Both were found to be 
good water, but one contained lead. See Nos. 303 and 344 in table of 



Benton. — No public supply. Water is obtained from springs, through 
lead pipes and logs, and from wells. 

Bebmn, — No public supply. There are two private supplies, owned 
and operated by one company, — the Berlin water-works, built in 1892-93, 
and the Cold Water Spring Company, installed in 1898, The source is a 
stream and springs. The springs were excavated and made into a reser- 
voir from rocky and ledgy land. Water flows by gravity. The stream is 
dammed so as to form a sort of a reservoir. There are twelve miles of 
distributing mains in the Berlin water-works system, easf; iron; service 
pipes, galvanized iron, I'or a period of about six weeks each year, the 
latter supply has to be supplemented by water pumped from Androscoggia 
river, above the city limits. 

Chemical Examination of Water from Tap of Berlin Water Company. 
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One other supply was examined and found to be of very bad quality 
For result see No. 473. 
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BisTHLBHEM. — Wo public Supply. The Crystal Springs Water Com- 
pany, a private corporation organized in 1878, gets its supply from springs, 
bv gravity. Its reservoir has a capacity of about one thousand gallons. 
There are about twelve miles of iron distributing mains. Eighty-three 
famiJies, or about 95 per cent of the population, are takers of this water. 

C/iemical Examinaiion of Wai.tr Supplied by the Crystal Springs WaUr 
Company, 
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BosCAWEN. — Wafer is from the public supply, Penacook & Boscawen 
Water Precinct, constructed in 1892. The source is a pond of 340 acres; 
greatest depth, thirty-six feet; Eoil, largely gravel. The watershed is 
nearly seven square miles, both wooded and cleared. There are five or six 
houses on the shores of the pond. The water flows by gravity, through 
about thirteen miles of wooden mains, size from two to twelve inches. 
Service pipes are iron. About 350 families, or 95 per cent of the popu- 
lation, are supplied from this source. 

Chemical Examination of Water from Faucet of Penacook & Soaeawen 
Water Precinct at Penacook. 
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Four private supplies have been examined, of which two proved tc^ be 
excellent water, and two contained lead in an amount that rendered them 

dangerous to use. See Nos. 393, 453, 535, and 589 In the table of 

analyses. 
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Bow. — No public water supply. Wells and springB are the principal 
Ediirees of supply. Of the four supplies examined, two were good, one 
was polluted by sewage, and one contained a dangerous amount of lead. 
For results see Nos. 55, 72, 73, and 623. 

Bbadfobq. — No public or private system of water-works. 

Samples from four private supplies have been examined, of wliicli two 
ttcre reported suitable for drinking purposes, one suspicious, and one 
wholly unfit for drinking. For detailed results see Xos. Ill, 134, 889, 
and 305 in table of analyses, 

Brentwood. — No water supply other than individual wells and springs. 

Bridqewateh, — No public supply. Wells and springs are the only 
sources from which water is obtained. 

Bkistol. — No public supply. The Bristol Aqueduct Company, a pri- 
vate corporation, have furnished water from Newfound lake since about 
1887. The lake has an area of nine square miles; average depth about 
sixty-five feet. The water flows by gravity. There are six miles of 
mains, cement lined mostly; service pipes iron, and some lead. About 
60 per cent of the population, 350 famihes, are takers. There are prob- 
ably fifty wells and private springs within the circuit of this supply. 



Chemieal Examirtaiion of Water from a Faucet of the Bristol Aqueduct 

Company. 
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BnooKFiBLD. — ^No public supply. AU families in town are supplied 
ivith water from wells or springs. 

BaooKUNE. — No public supply. Water is obtained from private wella 
and springs. 
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GAemieal Bxamiaation of Water from Pi^lic Fountain Supplied by a Well. 
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Campton. — There is no public water aupplj. The town is supplied by 
private wells. In some cases two or more familieB take water from the 
same well, 

ChimicfU Examination of Water from Pemigewastet River at Campion. 
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On complaint of residents of Campton that paper-mill waste was pollat- 
ing the river, analysis of the water was made and the results showed that 
the contamination was very slight and not of an injurious nature. 

CiNDiA. — No public supply. In 1894 or 1895, Mr. John A. Holt, shoe 
Diauufacturer at East Candia, introduced a water supply from a well bored 
one hundred feet deep. The well is on land elevated above surrounding 
<»UDtry, and cannot be pumped dry by steam pump. The water is 
pumped by windmill to a tank of 7,000 gallons' capacity, elevated forty- 
fi^e feet. The distributing main, 3-inch iron, is about one half mile in 
length; service pipes are f-inch iron. Thirteen families and the shoe- 
shop ate supplied from this source. There are quite a number of private 
vella in the locality. 
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Chemical Examination of Water from Supply of John A. Bolt, EaM Candia. 
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Canaan. — No public supply. A private supply was introduced by the 
Crystal Lake Water Company in 1891. The supply ia from Harfs pond, 
Isaving an area of two hundred acres, an average deptb of eighteen feet, 
and a sandy bottom. The watershed ia about a thousand acres, partly 
wooded and partly cleared land, having about fifty inhabitants. The 
pond is fed by springs. It is a gravity system. The distributing mains 
are about two miles in extent, and these as well as the service pipes are of 
iron. Fifty families are supplied from this source. There are about a 
dozen private wells in the locality, and about a dozen springs from which 
water is obtained. 

Chemical Examinaiion of Water from Crystal Lake Water Company. 
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The water from seven of these supplies was examined and three were 
reported good, two were doubtful, and two were bad. The two doubtful 
waters were 80 reported because they contained small amounts of lead. 
For results see B'os. 219, 230, 330, 363, 479, 480, 715. 

GANTEfiBUET. — There is no public or private water supply for the 
town. Most of the dwellings are supplied by individual wells. 

Of the four supplies examined, two were good and two unfit to uae ad 
supplies for drinking and domestic purposes. For results see Noa. 504, 
610, 738, and 739. 
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Carroll. — ^No public water supply. 

Centbb Habbor. — No public or private system of water-works. The 
supply of the village is largely from springs, the water being conveyed 
through iron pipes. The Senter House pumps water from Lake Winni- 
pcsaukee for washing and bathroom purposes. 

Three samples from private supplies have been examined: Two, from 
wells, were pronounced good; the other, from a spring, was found to be 
excellent water, but contained a slight amount of lead. See Nos. 447, 598, 
and 599 in table of analyses. 

Chablestown. — ^No public water supply. 

Chatham. — ^No public supply. The water supply is mostly from dug 
wells, a few springs, and a few places are supplied from brooks and copies 
through lead pipe. Some iron pipe is used. 

Chesteb. — ^No general public water supply. There are several water- 
ing places, for horses and cattle supplied by springs, and the town owns a 
well at one of the schoolhouses. 

One sample from a well has been examined, and was classed as imfit for 
drinking. See No. 684 in the table of analyses. 

Chestebpield. — No public supply. Water is obtained chiefly from 
springs and wells. 

Chichbsteb. — No public supply. The water used for drinking pur- 
poses is obtained chiefly from wells, dug and stoned. In some instances 
water is pumped by windmill to tanks or reserviors, and is used for waiter- 
ing stock, or in case of fire. Four families take water from the river, but 
not to drink. Some water is also brought from the hills through lead or 
iron pipes. 

Four samples from private sources have been examined, three of which 
were pronounced good and one bad. See Nos. 6, 505, 506, and 514 in the 
table of analyses. 

Claremont. — The town owns a water supply from a stream and a sys- 
tem of wells. The wells are twelve in number, dug twelve feet deep and 
covered with five feet of earth, so the depth of the wells is seven feet; 
they are three feet in diameter after being stoned. The amount of water 
is very abundant, and is pumped to the supply reservoir. Water from 
the stream is held in three reservoirs. There are about fifteen miles of 
distributing mains. Cement pipes were first used, but now all are iron; 
service pipes are galvanized iron. At least 1,000 families, fully 75 per 
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cent of the population, take this water. There are not many private wells 
in the locality. 

Chtmical Extmtinalion of WaUr from Town Supply Seservoir. 
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Jiesides the public supply, there are two private systems of water-worka 
in Olaremont: one, the Tyler water-works, was built in 1870, the source 
being springs. The springs are excavated all about a reservoir, into 
which the water runs. There are also springs in the bottom of the reeer- 
voir, which is about five acres in area; eight acres fenced with wire. The 
distributing mains, lead, are shoxd ten miles in length, and the service 
pipes, also, are of lead. About 250 families are consumers, and each fam- 
ily is entitled to sixty gallons of water per day. 

The other private system, known as the Grannis water-works, built 
about 1S02 and owned and operated by Herman Holt, Esq., is also sup- 
plied by springs. There are two small reservoirs from which this water is 
taken: one some thirty feet in diameter, and about three feet deep on an 
average; the other some seventy-five feet in diameter, and of an average 
depth of about three feet. Both bottoms are blue clay hardpan. These 
reservoirs are perhaps thirty rods apart; are at the top of a precipitous 
ban]; covered \iith trees, at the foot of which runs a large brook known 
as Red Water brook, and the small area of land lying above the reservoirs, 
from which there might be some slight surface drainage at the time of 
melting snows in spring, is not occupied either as pasture or tillage. No 
animals enter upon it; no brooks enter either reservoir; no low land, no 
swamp, no places at which water can collect at any season of the year and 
flow or drain into these reservoirs lie above them. The springs sup- 
plying these two reservoirs come from a clay or hardpan band. Above 
and beyond this band is sandy soil, in which small pine trees are stand- 
ing. Both reservoirs are surrounded by trees, mostly pine, and both are 
at the extreme upper edge of woodland. Each reservoir ia but a few feet 
from the springs by which it is supplied. The water flows by gravity, 
and the pipe from the upper reservoir enters the pipe at the lower reser- 
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voir. There are about two milee of distributing mains, cast iron; service 
pipes mostly iron, but some lead. About twenty families, one hotel, one 
school building, and one mill (for drinking purposes) are consitmeis of 
tliis water. 

Chemical Examination of Water from Faucet of Hotel, Supplied by Qranni* 
Water-Works. • 
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Every dwelling in town is fur- 



CLiHK8TiLLE.^-No public BUpply. 
Tiished with spring or well water. 

Concord. — The Concord water-works, owned and operated by the city, 
^-Ere installed in 1871-72; extended to Penacook and St. Paul's School in 
1883; high-service extension in 1891. The source of the supply is Pena- 
cook lake, wiUi an area at high water of 337 acres; depth unknown; bottom 
gravelly. The watershed, about 3^ square miles, is partly wooded and 
partly cleared. Outside of cottagers, a canvass showed seventeen inhabi- 
tants to the square mile. The shores are frequented by picnic parties, 
and are occupied by summer cottages. The water board controls about 
eight tenths of the shore. For the low service the water flows by gravity; 
for high service water is pumped to reservoir having a capacity of 3,000,- 
000 gallons, and a depth of twenty feet from top of embankment, and 
fifteen feet from high-water mark; diameter at top of embankment, 195 
feet, 8 inches. On January 1, 1903, there were 61.20 liiilea of distribut- 
ing mains, cast iron and cement lined; service pipes, cement hned. 
About 17,000 persons are consumers of this water. There are a few 
priTBte wells in water precinct. 
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Chamical Examinalion of Water from City Supply. 
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Chemical Examination of Water from Well at Penacook Lake Park. 
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WATER SUPPLIES OF CITIES AND TOWNS. 
Chemical Examination of WaUr from Well at WhiU't Park. 
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The water from twenty-two other supplies was examined. Eleven sup- 
plies were of good quality, six were bad, and five doubtful. For results see 
J^'oa. 23, 24, 38, 71, 91, 93, 117, 170, 179, 194, 301, 394, 419, 489, 529, 
574, 590, 613, 646, 6S3, 769, 808. 

CoNW.^Y Village. — No publio supply. The Conway Aqueduct Com- 
pany, under local management, supplies this village with water from a 
83'slem of natural springs, about two and a half miles from its center. 
The supply is not affected by drouth. The reservoir, which is oval in 
shape, the greatest dimensions being 100 x 50 feet and 5 feet deep, is 
fitted with a rinse pipe, and by which the reservoir is emptied once a 
year and thoroughly cleaned. There are about three miles of cast-iron 
(coated inside and out) service mains in the village, and two aud a half 
miles to the reservoir, fialvanized iron service pipes are used. The 
average daily consumption, by 1 SO families, is from 2,000 to 3,500 gallons, 
varying with the season. This water was analyzed in 1890, and pro- 
nounced excellent. There are comparatively few private wells in the 
village, possibly twenty-five or thirty. 

Samples from eleven private supplies have been examined, five of 

which were classed as good, and six of bad or doubtful quality. See Nos. 

292, 353, 352, 569, 5C8, 567, 552, 551, 550, 664, and 289 in the table of 

analyses. 

Cornish. — No public water supply. All the families of this town 
depend upon wells, or water taken from springs through lead pipe, each 
iamily having a separate supply. 

Crotdon. — No public supply. One private supply is from a spring, 
the water being brought one half mile through lead pipe, from which 
five families are furnished. Most of the water is from private wells, 

Dalton. — No public supply. Water is obtained from individual 



STATE BOARD OF HEALTH. 



Danbury.— No public or private system of water-works. 
A sample from one spring has been examined, and was pronounced 
good. See No. 364 in the table of analyses. 

Danville. — No public supply. The water supply of Danville is, in 
. nearly every case, from a well near the house or underneath it. 

Dekeing. — No p\iMic water supply. 

Derrt.— No public supply. In 1890 Boston conlractois built the 
Derry water-works, consisting of about forty wells driven to a depth of 
fifty feet. The water is pumped to a standpipe of 180,000 gallons* 
capacity; average daily consumption of the 350 families supplied, 100,000 
gallons. There are about eight miles of distributing mains, of cast-iron 
pipe; galvanized iron service pipes. 
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Dorchester. — The water used in town is from private wells and 
springs, 

Dover, — A public water supply was installed by the city of Dover in 
1888. The area of the pond from which the supply is taken is, when full, 
78f acres; when drawn down six feet, 69^ acres. There are no measur- 
able streams of water ilowing into the pond, it being fed mainly from 
underground sources. The water is pumped to a reservoir of a capacitv 
of 8,085,453 gallons when at a height of fourteen feet. The area of 
high-water surface is 37,1T2 square feet; depth of basin in center, 19 feet. 
There are twenty-five miles of cast-iron distributing mains; service pipes, 
wrought iron, cement lined. Two thousand nine hundred families, 85 
per cent of the population, are takers of this water, and the average daily 
consiunption in 1901 was 658,238 gallons. 
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Chemical Analysis of City Water Supply of Dover. 
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Six private suppliea have been examined; four from wells, two from 
springs. Of these, five were prono\iDced good, or permissible for drink- 
ing, while one waa bad. See Nos. 141, 430, 636, 587, 635, 639 in table 
of analyses. 

Dublin. — This town has no water system, the supply being mostly 
from individual wells and springs, and from streams and ponds through 
private pipes, iron or lead. 

Four supplies have been analyzed at the State Laboratory of Hygiene, 
and all found to be of excellent quality. For results in detail see Nos. 
83, 110, 464, and 556 in the table of analyses appended. 

DijMiTEE. — No public supply. Water is obtained chiefly from springs, 
veils, and aqueducts. 

DuNBAETON. — N"o public Supply, Water is obtained from springs and 
veils. 

Two suppliea examined were found to be of good quality. For results 
see Xo9. 790 and 791. 

Durham. — No public supply. In 1894 a private supply was installed, 
the water being obtained from several springs and wells, which are piped 
to a central, and from there pumped to a standpipe of 20,000 gallons' 
capacity. But little care was taken to exclude surface water when the 
system was introduced, and the wash and sewage from several houses 
entered the wells at certain periods of the year. Analyses of the water 
from the various sources showed a variable composition and the presence 
of eewage in a partially oxidized condition. In 1900 typhoid fever ap- 
peared in several families who used the water. The wells were thor- 
oughly cleaned, drainage and sewage excluded, and at the present time 
the quality of the water is improved, and the supply is considered quita 
snitable for drinking. The wells are dug from ten to tweuty-five feet. 
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throiigli clay. Two miles and a half of iron mains are laid; Bervice pipes i 



Chemical Examinalion of Water Jrom Faucet of Supply of C. H. Petite. 
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Samples from three private supplies have been examined; one good, 
one had, and one of doubtful quality. See Nos. 349, 491, and 674 in 
the table of analyses. 

E.\3T Kingston. — ?fo public water supply. There is one watering- 
trough, from which five families are supplied. Iron and lead pipe are 
used. 

Easton. — No public supply. Water is obtained from individnal wells 
and springs. 

Eaton. — No public water supply. 

Effingham. — No public supply. Water is obtained mostly from wells; 
a few springs; lead and iron pipes. 

Sample of water from one well has been ezarained, and was pronoanced 
uniit for drinking. See No. 345 in table of analyses. 

Ellsworth. — No public supply. Water is obtained wholly from pri- 
vate springs and wells. 

Enfield, — ^No public water supply. Water-works are now in process 
of constmcrtion. Forty-five thousand dollars voted for the purpose. 

Epping. — No wafer supply other than individual wells and springs. 
Three supplies have been examined, and all were found to be suitable 
for drinking. See Nob. 112, 768, and 831 in the table of analyses. 

Epsom. — No public water supply operated by town or private company. 
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Three samples of water from this town have been analyzed at tlie State 
Laboratory of Hygiene. Of these, one was pronounced potable; one, 
containing a large amount of lead, was condemned; and one, altliough 
apparently good, was so undesirably located that its abandonment was 
advised. For results see Nos, 106, 355, and 755 of the table of analyses. 

Ekeol. — No public supply. Samples of water from several suspected 
wells and springs wore analyzed at the State Laboratory of Hygiene, at 
Concord, in the fall of 1901, and in those cases pronounced to be unfit 
for drinking purposes the wells have been abandoned for drinking pur- 
poses. , 

Of the eight aupplies examined, five were badly polluted and three 
were found suitable for drinking. For lesulta see Nos. 254, 356, 356, 
251, 258, 259, 260, 261. 

ExETEB. — No public supply. The Exeter water-works, owned by a 
private company, were installed in 1886. The source of the supply is an 
artifieial pond fed by springs and brook; area, twenty acres; average depth, 
eight feet; clay bottom. The water is pumped to a standpipe of 211,000 
gallons' capacity. There are fourteen miles of cast-iron distributing 
mains; galvanized iron service pipes. Eight hundred families, 90 per 
cent of the population, take of this supply. There are no private wells 
within the radius of this supply. 

Chemical Exnminalion of Water from Faucet of Supply of Exeter Waler- 
Works. 
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Nimierous examinations of private wells ■ have been made during 
the past year, and nearly all have been found to be badly contam- 
inated by sewage. The water of certain wells has an abnormally high 
chlorine content, probably due to the fact that the wells enter a stratum 
permeated with salt from Exeter river. See Nob. 32, G2, 63, 64, 149, 
150, 165, 193, 741, and 742 in table of analyses. 



68 



STATE BOARD OF HEALTH. 



Farminqton. — The town owns and operates a water supply from two 
springs twelve feet deep. The water is distributed from a reaerroir 
through four miles of cast iron, and cement-lined mains; service pipes of 
wrought iron and galvanized iron. One hundred and seventy families, 
one third of the population, are supplied from this source. There are 
not many individual wells in the locality. 

C/temical Examination of Water from Town Supply. 
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Fjtzwilliam. — Ko public supply. The water used throughont the 
town comes from wells or from springs, many families in the village hav- 
ing running water from springs the entire year. 

The two supplies examined were found to be badly polluted. For 
results see Nos. 47G and 760. 

l-'KANCESTOiiTC. — Uo public supplv. Thcie is a private supply from 
which twenty-four families take. The source is a spring, dug 8 x 10 feet, 
and 10 feet deep, through rocky soil and hardpan. The reservoir is 
covered. The water flows by gravity half a mile, through iron main, and 
iron service pipes. There are also many private wells in the locality. 

Chemical Examination of Water from Spring RKservoir. 
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Franconia. — ^No public supply. A private company, known as the 
Franconia Water Supply Company, in 1888 or 1889, introduced a water 
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Bupply from a spring a mile and a half distant. The water flows by 
gravity through iron maina and lead service pipes. The volume of water 
is about 10,000 gallons in twenty-four hours. About three fourths of 
the village population use the water. 

Chemical Examinaiion of Water of the Franeo»ia Water Supply Company. 
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Fhakklin. — The Franklin water-works, owned by the city, were built 
in 1891. The source is springs, which are about six feet deep, dug and 
bricked. There is a covered reservoir about twenty feet deep. Cast-iron 
pipe is used for the mains, of which there are about fifteen miles; lead, 
galvanized iron, and cement-lined iron pipes are used for service. The 
average daily consumption is 300,000 gallons. Seven hundred and fifty- 
two families are supplied, about three fourths of the entire population 
of the city. There are not many private welts in the locality. 

Chemical Examination of Water from Faueels of Franklin Town Supply. 
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In addition to the examination of the pubhc water supply of Frank- 
lin, twenty-one private supplies have been analyzed. Ten of these sup- 
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plies were found to be of good quality; eight were bad; and tiiree others 
were of doubtful quality. Of the eight supplies pronounced bad, three 
were ao declared because lead was present in large quantities. For de- 
tailed results see Nos. 70, 76, 77, 133, 156, 804, 318, 279, 307, 315, 389, 
411, 434, 453, 467, 474, 577, 584, 663, 748, and 785. 

Freedom. — No public supply. Some three fourths of the families in 
town are supplied with water from springs through iron and lead pipes. 
A few wells are still used. 



Fbemont. — No public or private water system. 

GoBHAM. — No public supply. The Alpine Aqueduct Company, or- 
ganized in 1873, furnishes water to 160 families, one half the population. 
They have nineteen springs, three to seven feet deep, stoned and eoTered. 
The capacity is 10,000 gallons. The distributing mains, of cast iron and 
galvanized iron, are four miles in length; service pipes of iron. 

Chemical ExaminatUm of Water from a Faucet of the Alpine Aqueduct 
Cmnparty. 





1 
1 
1 


AFPEiHANCE. 


Ev"to'» 


.™„ 


NiTKOora 


1 


n 


1 




1 
1 


^ 
^ 




i 

3 


1 


1 


i 


1 


i 
s 

3 


i 

1 


1 
1 


i 


lilM, 
TOBSepl.ll 


None 


None Nona O.O 


lAH 


4.§0 


.™ 


.™, 


.OOOD 


«. 


.1. 


,.. 




ff 



Gilford. — No public supply. Water is obtained from indiTidnal wells 
and springa. 

GiLMANTON. — No public Water supply, 

GiLSUM. — The only water-works in town are where two or three fam- 
ilies unite in taking water from springs by laying a pipe. Wells are, 
however, chiefly used. 

GoPFSTOWN. — The present system was built in 1891 by the GofFstown 
Fire Precinct, Goffstown Village. The reservoir from which the water 
supply comes is situated between the Uncanoonuc mountains and is sur- 
rounded by woodland. The reservoir is fed by springa in the bottom of 
the reservoir; by a brook, fed by springs flowing from the northeAstem 
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slope of the north mountain; and from a swamp flowing Into the brook 
near the mouth of the reservoir. The volume of water entering the 
reservoir daily, chiefly from the springs, is about 73,000 gallons, the full 
capacity being 2,250,000 gallons; area, 8,987 square yard*;; depth, about 18 
feet. The water flows by gravity through five miles of cast-iron mains; 
service pipes are galvanized iron. The average daily consumption is 
possibly 75,000 to 100,000 gallons. There are 236 service faucets, repre- 
senting about 99 per cent of the population. There are n very few pri- 
vate wells in the district reached by the public supply. The water sup- 
plied is of high color, and contains very much organic matter. There 
have been epidemics of bowel troubles at various times, which have been 
attributed to the condition of the water. The peculiar quality of the 
water is attributed to the fact that in flie spring and diiring the heavy 
rains in the fall and at other times when it is wet or rainy the water 
flows from the swamp of one hundred acres into the reservoir. The 
precinct is planning to buy the swamp so as to control the flow of water 
from it. This is very desirable, and when accomplished will greatly im- 
prove the quality of the water. Parts of the town outside the precinct 
are supplied by wells and springs. 

Chemical Examination of Water from Town Supply. 
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Goshen. — ^No public supply. Water is obtained from wells, eight to 
twenty feet deep, through loam, gravel, clay, and sand. 

Of the two supplies examined, one contained so much lead that it was 
unfit for use, and the other was of doubtful quality. For results see 
Nob. 503 and 586. 



Grafton. — No public supply. All the water is obtained from indi- 
vidual wells and springs. 

Four samples of water from this town have been examined at the State 
Laboratory of Hygiene. Of these two were potable, one was bad, and one. 
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containing a slight amount of lead, was pronounced of doubtful quality. 
See Nos. 118, 175, 294, and 296 of the table of a 



Gbantham. — No public euppiy. Water is obtained entirely from pri- 
vate wells and springs. 

Five supplies from this town have been examined; three were found 
to be badly polluted, while two were of acceptable quality. For results 
see Nos. 341, 342, 343, 666, and 690 in the table of a 



Ureenfieli). — There is no public water supply. Water is obtained 
from wells dug four or five feet deep, in sandy soil, and flows by gravity 
one eighth of a mile through lead pipe. In two instances two or three 
families have shared the expense^ud have the same supply. One supply 
was declared dangerous by the State Laboratory of Hygiene. 

Five samples have been eaamined and four found to he suitable supplies. 
One supply contained so much lead as to he unsafe. For results see Nob. 
383, 384, 421, 437, and 753. 

Greenland.^ — No public supply. 

Nine private supplies have been examined and, with one exception, all 
found to be of good quality. For results see Nos. 167, 168, 379, 380, 
381, 393, 676, 704, and 705. 

Greenville. — The town owns and operates a small water supply in 
the form of an artesian well 425 feet deep, ending in solid rock, and most 
of the distance below 125 feet in solid rock. The water is pumped to a 
brick reservoir of 20,000 gallons' capacity. The distributing main is of 
wood, from one fourth to one third of a mile in length; service pipes are 
of galvanized iron. Thirteen or fourteen families are supplied from this 
source, while a large number of others get their drinking water from the 
fountain in the public square, supplied from the artesian well. There 
are many individual wells. 

Chemical Exaniiuation of Wiiler from Faucet of Artesian Well Supply. 
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Four well8 and one spring have been analyzed. Three wells and the 
spring were pronounced good; the other well, bad. See Nos. 36, 285, 
462, 516, and 648 in the table of analyses. 

Ghoton. — No public supply. Water is obtained from individual 
springs and wells. 

Groteton. — The Northumberland water-works, owned by the village 
of Groveton, were constructed in 1895-96. Water is taken from a stream 
fed by springs, and flows by gravity to a reservoir of 600,000 gallons' 
capacity. There are about five miles of distributing mains, east iron; 
service pipes of galvajiized iron, Ninety-seven per cent of the population 
are supplied from this source. There are three or four wells within the 
radius. 

Chemieai Examinalion of Waltr from a Faucet of the Norlhumberiand 
Water Company. 
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One private well has been examined and was pronounced bad. See 
No. 336 in table of analyses, 

Hampbtead. — No public supply. A member of the board of health 
■writes: "Although we have no water-works, we could have at small ex- 
pense, as Wash pond is almost pure and is fed wholly by springs. A hill 
to the south would give power enough for the whole village." 

But one sample was examined, and that was found to be badly polluted. 
For results see No. 459. 



Hampton. — The water supply of this town is from individual wells 
and springs, as it has been for fhe past two hundred years and more. A 
water company has been formed recently, and it is expected that a good 
and sufficient supply of water will be supplied in the near future. 

Three samples of water from this town have been examined at the 
State Laboratory of Hygiene. Of these two proved to be potable, and 



74 STATE BOARD OF HEALTH. 

one unfit for drinking. See Nos. 385, 507, and 606 of the table of 
analyses. 

Hampton Palls. — "No public water supply. 

But one private supply has been examined, and that was found to be 
badly polluted. For result see No. 507. 

Hancock. — No public supply. Water is obtained from springs and 
wells. Water for the village is brought from wells a few feet deep, dug 
on a hill, thus obtaining an almost unlimited supply. The whole village 
supply is taken by individuals from this source. 

The three supplies examined were all of excellent quality. For results 
Bee Nos. 414, 589, and 617. 

Hanover. — The Hanover water-works, installed in 1893, is an im- 
pounded water in a large artificial pond. The bed of the pond was a 
fertile valley, which was not cleared of vegetation before impounding the 
water. The dam went into blue clay, and exposed much. The Water- 
shed is fertile, and there are several houses on it. Water is unlimited 
in quantity, and has a head of over one hundred and fifty feet. This 
water has gone through a great variety of conditions, as was to be ex- 
pected. The second winter it developed the characteristics of an effer- 
vescing chalybeate sulphur water, sulphuretted hydrogen being the main 
feature. In 1899-1900, uroglera appeared, and the water was intolerable 
for a time. It has appeared in a lesser degree since. Frogs innumerable 
bred in the reservoir, but have disappeared since it was stocked with bass. 
The water has always been colored, rich in dissolved vegetable matter, 
with some little taste and odor, though usually not otTensive. It will 
probably be a long time before the supply approaches the conditions of 
a natural pond water. The distributing mains are of cast iron; service 
pipes, galvanized iron. The Hanover Aqueduct Association, a private 
corporation, furnishes a water that is used largely, though not exclusively, 
for drinking purposes. It is a normal spring water, the wells being four 
or five in number and dug to a depth of twenty feet, and yielding 4,000 
gallons p^ day. The water is conveyed through lead pipe, running con- 
stantly, without much lead, and is stored in small reservoirs in the houses. 
The lead pipe and the possibility of unclean reservoirs are the only ob- 
jections to the supply. There are very few individual wells in this 
locality. 
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Chemical Examination of Water from Supply of (he Hanover Wattr-Wor 
Company. 





1 
1 

i 

1 


i„.„^„. 


Eviio'N 


»..„,„ 


»™„ 


1 

S 


1 

1 




1 


( 




1 


1 


1 




I 


I 

a 


1 
1 


i 

1 


i 




1803. 

NOT.n 

WM. 
Ian. aft 

Feb. 8 

Uar. 1 

"■■«■ 
IS." 

Uai'.Wi 

Sept.il 


Hark. 
Mark. 

None 
Sone 

Hone 
Bllgbt 


Mncb 




Paint yel 

rain I yel 

Faint jHl 
brown 

0,3 
O.B 


4.68 


'■" 


Z 


.DIM 


.oooa 

.0000 
.0000 

,0100 


cooo 
.0000 


.20 
40 
16 
DB 

OB 


2.90 
2.70 
2.70 

4.11 

;: 








R "'"T 






"'"x. 


Sons 




SllBht 


OBeuBlv* 






04110 




.0066 


OIW 


i(««^ 


Sample 
Iro' pipes 








Gas 

8^ 


'Z 


.0004 


.0000 




'53». 


•"?.»;. 


ft'enitUy 









We are indebted to Prof. Edwin J. Bartlett of Dartmouth College 
for all but the last of the analyses. They were made by him while 
the Hupply was being introduced and the year following, when the water 
was in a- bad condition. The water is now of the same general character 
aa in 1896. The color and odor are very pronounced, and the albuminoid 
ammonia is very high. 

Harkisville. — No public water supply. 

Four samples from three supplies have been examined during the past 
year, and all found unfit for use. One was badly contaminated by lead 
and the others by sewage effluents. For results see Nob. 144, 321, 347, 
and 443. 



Habt's Location. — No public supply. 

Hatebhill. — No public supply. The Haverhill Aqueduct Company^ 
a stock company, built a system of water-works for the town more than 
fifty years ago, the source of the supply being a spring. Water flows by 
gravity through lead main and service pipes. Fifty-two families, nine 
tenths of all the inhabitants, ate takers of this water. 
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Chemical ExaminaHon of Water from Faucet of Eaverhill Aqueduct Company. 
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One well has been examined, and found to be unfit for use. See No. 
74 in table of analyses. 

Hebron. — Water supply of the town is obtained from indiTidual wells 
and springs. 

Hknnikeh. — No public supply. Water is from the private supplies 
of the Henniker Spring Water Company, installed in 1884, and the Dow 
System, installed in 1874. The sources are springs and wells. The 
wells are dug. The quantity of water, both systems, is estimated to be 
4,000 gallons per day. Water flows by gravity to reservoirs 34 i %t- 
feet, 17 feet deep; 34 feet diameter, 12 feet deep; 8 feet diameter, 7 feet 
deep. There is estimated to be about four miles of distributing mains. 
All pipe used is of galvanized iron. There are no private wells in the 
locality. 

Chemical Examination of Water from a Faucet of the Henniker Spring Water 
Company. 
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Sample from one spring has been examined, brought through lead pipe. 
Water contained small amount of lead. See No. 581. 



Hill. — No public supply. There are two private supplies in town, 
One owned by George A. Sumner, constructed in 1890, is talcen from a 
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stream about a mile long at the dam. The pond thus formed is about 
one half an acre in area and ten feet deep. The sewage from a shop, 
employing fifteen hands, empties into this stream. Fifteen families are 
Eupplied with water from this source, through one mile of galvanized 
iron distributing mains and galvanized iron service pipes. There are 
eight wells and three aqueducts within the radius of this supply. In 
1893 a supply from a spring was introduced by Mr. F. E. Woodward. 
This spring flows about fifty gallons per minute.; soil sand and clay. 
The mains, of cement and iron, are one and a half miles long, while the 
service pipes are of galvanized iron. The average daily consumption by 
the thirty families taking this water is 4,000 gallons. There are only 
two wells within the radius of this supply. 

Chemical Examination of WoUt from a Faucet in Bill, Supplied by F. S. 
WoodwartTa Waler Supply- 





s 
1 

1 

i 


.r.^.^c.. 


EVAPO'H 


AMVC.N.A 


""y 


s 

3 


i 
1 


1 




1 


? 


1 


1 


a 


1 


i 


1 


1 

1 

< 


i 


1 
1 


f 


™ 


im. 

Sept. a 


»o„. 


so.. 


S.n. 


0.0 


8.00 


s,M .0000 oosa 


.OlflOj.WMO 


.22 1.80 





ff 



Chemical Examination of Waler from a Faucet in Eill, Supplied by Geo. A, 
Sumner's Water Supply. 
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Hillsborough Bbtdoe. — The Hillsborough Bridge Village Fire Pre- 
cinct owns a water supply, instituted in the autumn of 1886. The source 
is a pond of about 500 square acres; average depth about fifteen feet; 
bottom, sand and ledge, with natural deposit. The water flows by gravity 
to intermediate reservoir of 500,000 gallons' capacity. Surface area of 
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, 100,000 equare feet. The distributing mains, four milee in 
length, are of east iron, and cement-lined sheet iron, chiDfly; Bervice pipes 
are of galvanized iron. About 95 per cent of the population are served 
from thin supply. There are very few individual wells in the locality. 

Chemtcal Examinalion of Water from Faucet of Iht Hillsborough Bridge 
Village Fire Precinct. 
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One sample from a private supply from a brook has been examined. 
Good water, but traces of lead. See No, 495. 

Hinsdale. — No public supply. Every family has a private well. 

Fifteen samples have been examined, twelve of which are private sup- 
plies. Three examinations were made of proposed supplies, and aside 
from a high organic content the waters were of good quality. Seven 
private supplies proved to be pure, and five were found to be badly con- 
taminated. For results see Nos. 42, 43, 44, 45, 84, 85, 86, 87, 101, 102, 
103, 104, 223, 460, and 503. 



HOLDEBNESS. — Nearly all the water used in town is from wells and 
springs. 

Sample of water from one well has been examined, and found to be 
slightly contaminated, but not sufficiently to condemn it. See No. 137 in 
table of analyses. 



HoLLis. — No public or private water supplies. 

Two samples of water from this to^Ti have been 
Ijaboratory of Hygiene, and both were pronounced 
and 488 in the table of analyses appended. 



at the State 
See Noa. 116 



HooKSETT. — No public supply. There are two private supplies. One, 
owned by Mrs. M. C. Towie, is from a brook which has been dammed. 
The watershed extends for about half a mile on each bank. The other 
supply, owned by Henry C. Carbee, is from a pond supplied by springs. 
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The water is pumped to a rcBerroir having a capacity of about 40,000 
gallons. There are about two miles and a half of 3J-inch iron distrib- 
uting mains; service pipes of IJ-inch iron. Seventy-five families are sup- 
plied from these sources, 10 per cent of the population. There are many 
private wells in the locality. 

Chemical Examination of Water from Various Source in Hooksetl.' 
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Ona well supply was examined and found to be very badly polluted. 
For result see No. 616 in table of analyses. 

HoPKiNTON. — No public supply. There is a private supply, intro- 
duced by the Hopkinton Village Aqueduct Association, from springs and 
wells. The wells are dug from eight to ten feet. deep. It is a gravity 
system. The reservoir is 10 x 10 x 8 feet. The distributing mains are 
from one to two miles in length, and are of iron; service pipes mostly of 
lead. Fifty or more families, seven eighths of the population of Hop- 
kinton village, are consumers. There are but few private wells in the 
locahlj. 

Chemical Examination of Water from Supply of Hopkinton Village Agueduet 
AMOciation. 
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One well supply was examined and iound to be of excellent quality. 
For result see No. 181 jn table ot analyses. 

HuTisoN. — No public supply. The Hudson water-works, owned by* a 
private company, were built in 1892. The source of the supply ia a 
well twenty feet deep and twenty-two feet wide, dug through loam and 
gravel. The water is pumped to a standpipe twelve feet in diameter and 
sixty feet high. There are about four miles of distributing mains, of 
iron, as are also the service pipes. Seventy-five families are thus sup- 
plied, one tenth of the entire population of the town. TTiere are six or 
seven wells within the radius of this supply. 
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explanation can be giren lor the peculiar reaiilts o( the aanlyses. 

In addition to the analyses recorded above, nine private supplies were 
examined, of which five were good, three were bad, and one doubtful. 
For results see Nos. 129, 362, 395, 396, 410, 435, 436, 461, and 333 of 
the appended table of analyses. 

Jackson. — No public water supply. Most of the farmers and board- 
ing-houses are supplied from individual springs on their premises. A 
part of the village use well water, which is considered questionable. 

One sample examined was found to be of doubtful quality. For re- 
sults see No. 429. 

Jeffesson. — No public supply. The chairman of the board of health 
writes: "JeSerson has no public water supply. The Waumbek Hotel Com- 
pany have a fine supply system of their own from natural springs and 
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spring brooka. The different families have their own private water 
supplies, chiefly from springs, through iron pipea, directly to their houses 
and stables. Galvanized iron and eaat-iron pipes are also used, and some 
few fir balsam logs. In a few wells on the flat lands, chain pumps, well- 
sweeps, patent suction pumps, and the old-fashioned pole and pail are 
used. Mountain springs are the chief sources of our supply, supposed 
to be pore." 

Chemical Examination of Waler Supply of the Wdutnbeh Hotel Company.* 
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■Sample from spring eMt ot main hotel. 

Japprbt. — The town instituted a system of water-works in 1902, the 
source being a pond in Bindge having an area of forty acres, an average 
depth of twenty feet, with hardpan bottom. The water flows by gravity 
through nine miles of 13-inch, cast-iron distributing mains; service pipes, 
6-inch cast iron. It is estimated that one hundred and fifty families 
will become takers this year, 1902. Prior to the installation of this sup- 
ply, Mr. Albert Annett, a member of the committee appointed by the 
town of Jaffrey to investigate the subject of a town system of water-works, 
was in communication with the State Laboratory of Hygiene, and col- 
lected several samples of water from the proposed supply, which were ex- 
amined and reported upon by the laboratory. Following is the corre- 
spondence with Mr. Annett, together with the results of ilie analyses: 

East Jaffbitt, N. H., September S3, 1901. 
Btate Board of Eealtit, Concord, N. B. : 

GSHTTXMES, — I have today Beat you hy express, prepaid, a bottle coDtain- 
iiig' water taken from Bullet pond, in the town of Rindge. Thia pond is a 
proposed source of water supply for the town of Jaffrey, and we would like a 
chemical and hacteriological examination of this water, and would like your 
report in such form that it can be printed in connectioD with our committee 
report to the town. 

Yours very truly, 

ALBERT ANNETT. 

Committee. 



82 STATE BOARD OF HEALTH. 

LABORA.TOBY OF HyGIENE, 

CoNCOBD, N. H., October 10, 1901. 
Albert Annett, East Jaffrey, N, H.: 

Bear Sir, — Please find inclosed the results of the chemical examination of 
Bullet pond water.* 

I trust that the delay in reporting results will not inconvenience you, but 
we have been making a thorough bacteriological examination, which seems 
to be very necessary. 

1 am sending you, bj'^ express, this morning a small bottle which I desire 
filled and returned so we may make a secoild bacteriological examination 
with fresh water. 

Can you tell me if Bullet pond is used as A picnic ground or resort by 
parties and if it is also used for bathing purposes? 

I will send you a complete report as soon as possible after the receipt of 

the second sample. 

Very respectfully, 

H. E. BARNARD, 

Chemist, 

Laboratory of Hygiene, 

Concord, N. H., November 1, 1901. 

Albert Annett, East Jaffrey, N. E.: 

Dear Sir, — A bacteriological examination of the second sample of Bullet 
pond water does not confirm the results we obtained on the first sample, 
and I am sure the peculiar results we observed at the first examination were 
in no way due to the condition of the pond water, but rather to some un- 
known contamination, possibly introduced in sampling, or perhaps at the 
laboratory. 

The chemical examination gives results agreeing with those sent you, and 
Hie, bacteriological examination does not reveal any polluting material ex- 
cept many cyclops which, since they are large enough to be readily seen in 
a glass of the water when held to the light, may present an apparent objec- 
tion to the use of the water for drinking. They will, however, disappear 
from the water in its passage through the pipes and their presence cannot 
be considered harmful. 

I consider the water quite suitable for drinking and am sure it will fur- 
nish you with a supply much clearer and more free from organic matter 
than most of our pond waters. 

If you desire any further examinations we shall be very pleased to make 
them, or to aid you in any way in securing a suitable supply for your town. 

Very respectfully, 

H. E. BARNARD, 

Chemist. 

East Jaffrey, N. H., December 23, 1901. 

H, £7. Boi^nard, State Clicmist, Concord^ N, E.: 

Dear Sir, — Referring again to your analysis of Bullet pond water, made 
for me in October, you speak of many cyclops that appeared in the sample 

* For results of examination see No. 186 in the table of analyses. 
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submitted to you. I have no knowledg-e of this matter, but it has occurred 
to me that this pollution might be due to the manner in which the water 
was obtained. To get this sample I took an old fishing boat that was sunk 
on the shore, and I noticed at the time that the boat was covered with a 
slime, but as there was nothing better at hand I used it. If the cyclops were 
anything that came from the slime on the boat there was probably a much 
larger number of them in the sample sent you than would be found in the 
pond at large. The pond is now frozen over, and if an examination made 
now would be a fair test of the qualities of the water I would like to have 
you send me two of the flasks and I will send you samples for another 
analysis. 

Much interest is being taken in the subject of water-works, owing to an 
epidemic of typhoid fever that we had during the summer, and I am one of a 
conmiittee appointed to investigate the subject of a water supply and pre- 
pare a printed report to be distributed to the voters of the town. 

Bullet pond appears to be our only available source, and from its situation 
it seems less liable to pollution than any other body of water in this section. 
The committee would like a complete chemical and bacteriological examinar 
tion, and would like it in form to be printed with the committee report,~and 
in such terms as to be understood by the ordinary voter. 

Thanking you for your offer of further aid contained in your previous 
letter, and awaiting your reply, I remain, 

Very truly yours, 

ALBERT ANNETT, 

For the Committee, 

Labobatoby of Hygiene., 

CoNCOBD, N. H., January 16, 1902. 
Albert Annett, East Jaffrey, N, H.: 

Peak Sib, — In reply to your communication of September 23, 1901, request- 
ing a chemical and bacteriological examination of Bullet pond water, which 
it is proposed to use as a source of water supply for the town of Jaffrey, 
the State Board of Health has investigated the pond and its surroundings, 
and has made several analyses of the water, the results of which are ap- 
pended in full. 

It appears that Bullet pond is an exceptionally clear and transparent body 
of water, very nearly free from water grasses, lily pads, and vegetable growths 
of any sort. It is situated between hills, and the shores are, for the most 
part, steep, and the water deep, varying from ten to sixty feet. It is remote 
from any village and is but little frequented for bathing, or for camping and 
picnics. There are three houses about the pond, but none are within six 
hundred feet of the shore. From its situation the pond does not seem liable 
to receive any polluting material. 

The results of the various analyses, which have extended over several 
months, have been uniform, and show the water to be of good quality, very 
soft, free from turbidity and sediment, with a slight vegetable odor and 
color, due to dissolved organic matter. This may be much improved by clean- 
ing the shores, removing decayed vegetation, and preventing excessive sur- 
face wash into the pond. The chlorine content is normal for your town; the 
solids are very low; ammonia in its oxidized conditions, as nitrites and 
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nitrates, is absent; and that present as free and albuminoid ammonia ii 
wholly due to the vegretable matter always found dissolved iu pond water. 

The bacterial examination shows the water to be practically free from 
bacteria, but the biological examination shows cyclops of the order Oopepoda 
Crustacea, to be present in considerable numbers. The cyclops are aptly 
called "water scavengers," and are found very generally in our best pond 
suppliea. Their presence is not considered detrimental, and as it is but 
rarely that they pass through the service pipes to the consumers, they will 
undoubtedly never give trouble. 

Taking into consideration the location of the pond, and the uniformly good 
condition of the water, it would seem to be a wholly satisfactory source ot 
water supply. 

If you wish further investigations, we shall be glad to assist you by mak- 
ing such analyses as you may require and will give you such furtJier advice 
as may seem desirable. 

Very respectfully, 

H. E. BARNARD, 

Chemist, 

Chemical Examitmiion of Waier /rom Bullet Fottd, Eindge. 
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•A biictcriologlcikl Hxamination does not show the presence ot polIntlDg material. 
CrDstauea Copepoda present. 

t CruBtacua, Copepoda. 80 per litre; bacteria, none; otber lorms al animal or vegetft. 
ble life, none. 

In addition to the examination of Bullet pond water, fourteen other 
supplies were examined, of which eight were badly polluted and six 
suitable for drinking. For results see Kos. 187, 183, 306, 307, 308, 235, 
238, 239, 312, 322, 390, 450, 539, 558, 575, 576, 620. 

Keenk. — In 1870 the city of Keene installed a public water supply 
from two ponds, one fifty acres and the other one hundred and ten acres 
in area; Sylvan lake having an average depth of twenty feet, and Echo 
lake, twelve feet. The water flows by gravity. The distributing mains, 
iron and cement, are about thirty-six miles in length; service pipes are oi 



WATER SUPPLIES OF CITIES AND TOWNS. 



iron. The average daily consumption is 1,358,000 gallons, nearly all of 
the city proper, 8,200 persons, being consumers. There are .no wells. 



Chemical Examination of Water from Eeene. 
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• Sample from Gkiose Pond. f Sample from Intercepting reservoii'. 

} Sample from stream propoaed u an additional snpply. 

I Sample Irom small Btream flowing through an alder Hwamp. 

T SmaU Btream, part ol proposed suppl]'. 

In addition to the examinations of the public supply, three well samples 
■were analyzed and all found badly polluted. One of these supplies con- 
tained an excessive amount of lead. See Kos. 417, 531, 533, 524, 606, 
634, 740 in table of analyses. 

Kensington. — There is no water supply in town, other than individual 
wells and springs. 

Kingston. — There is no public water supply. The people draw their 
individual supplies from private wells, dug from ten to twenty-five feet 
through light, dry, sandy soil. Samples have been analyzed in a few cases 
when contamination was suspected. 

IiACONiA.- — No public supply. The Laconia Water Company is a corpo- 
ration established in 1885. The supply is pumped from Lake Wiunipe- 
saukee to a reservoir of 2,750,000 gallons' capacity. There are eighteen 
miles of cement lined and ten miles of cast-iron mains; the service pipes 
are wrought iron, cement lined. The average daily consumption iB 
350,000 gallons. 
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Chemical Examinaiion of Water Supply of Laconia and Lakeport. 
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e Laconia Water Company. 

One private supply has been examined and pronounced good. See No. 
S27 in table of analyses. 

An analysis has also been made of a sample from Lake Winnisquam, 
which was found to be of excellent quality. See No. 531 in table of 
analyses. 

Lancaster. — The Lancaster Water Company works were installed in 
1891, and transferred to the precinct in 1894. The source of the supply 
18 a mountain stream, wooded land, no inhabitants. The water flows by 
gravity, through six miles of cast-iron mains; service pipes arc also of cast 
iron. All the families in the precinct are supplied from this source; 
there are no wells within the circuit. 

Chemical Examination of Water from Faucet of Precinct Water-Works. 
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Landaff. — No public supply. The town is supplied with water from 
springs and wells. There are several public watering places on difEerent 
roads. 

Langdon. — No public or private system of water-works. The people 
obtain water from private wells and springs. 
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Lebanon. — The water supply is owned by the Fire Precinct, and was 
installed in 1 897. At first the water was taken from a stream flowing from 
Mascoma lake, but at present from wells, 63 x 30 s 15 feet, supplied by 
nine hundred feet loose-jointed pipe, taking water from subsoil mainly, 
the remainder being filtered through twenty-five feet of natural soil into 
the said pipe. The water is pumped to a reservoir of 1,000,000 gallons' 
capacity, being foui'teen feet at the deepest point. There are ten miles 
of cast-iron distributing mains; service pipes, wrought iron. The average 
daily consumption is from 800,000 to 350,000 gallons, by seven hundred 
families. 

The chairman of the board of health writes: "Mascoma lake receives 
water from Mascoma river, on which are sawmills and factories. At the 
head of the lake a small stream enters which receives sewage along its 
course. The lake also receives sewage from the Shaker buildings and 
from the village of Enfield." 
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Six samples from private sources have been examined, of which three 
were pronounced good, two of doubtful quality, and one bad. See Nos. 
48, 382, 269, 268, 270, 371 in table of analyses. 

Lee. — There is no water supply other than wells and springs. 

Lehpsteb. — No public supply, water being obtained from individual 
wells. 

Lisbon. — No public supply. The Lisbon water-works, owned by a 
private company and installed in 1887, is supplied from a pond fed by 
springs. The area of the pond is one hundred acres; the bottom is gravelly. 
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The water flows by gravity, and the reservoir has a capacity of one million 
gallons. All the pipes used, of which there are seven miles of distrib- 
uting mains, are of wrought iron and cement. The average daily con- 
sumption is S50,000 gallons. About 90 per cent of the population are 
supplied from this source. 

Chemical Examination of Water from the Beservoir of the Lisbon Waler-Worka 
Company, 
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Samples from one spring and one well have been examined: Spring 
■water good. The well was badly contaminated with dynamite in digging, 
and was reported unfit for use. Thorough cleaning the well removed the 
offensive pollution and subsequent analysis showed the water to be good. 
See Nos. 10, 158, 360. 

Lincoln. — No public supply. In 1893 J. H. Henry & Sons introduced 
a system of water-works from a stream. The wat^r flows by gravity. 
The mains, of iron, are about five eighths of a mile in length; service 
pipes are of iron. About eighty-five families, two thirds of the town, 
take this water. 



Chemieal Examination of Water from Faucet of S 



y of J. H. Henry & Sons. 
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Littleton.* — No public supply. The Littleton Water & Light Com- 
pany operates a system of water-works inelituled in 1880, from which 
about three hundred families are supplied. The water is taken from 
Ammonoosuc river, which receives sewage from towns aljove, and ia 
pimiped to a reservoir of half a million gallons' capacity. Gravity 4- 
mch pipe, 105 feet head, is 7,500 feet in length. There are nearly nine 
milcB of 4-inch, 6-iiich, and 8-inch east-iron distributing mains; ser- 
vice pipes are iron and lead. The average daily consumption is 200,000 
gallons. About 90 per cent of the population are supplied from this 



Chemical Examination of Water Supplied 6i 
Company. 
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■ SHinplB taken friiiii rlvei' near intake. 1 Sample taken (mm tap at Bchoolhouso. 

t Sample taken from tap at hnoae of Dr. Q F. Abbott. 
f Sample taken from dead end o( pipe at Aplhorpe. 

London DEHBT.—N"o public supply. 

Loudon, — No public supply. All the water is obtained from wella 
and springs. 

Six private supplies have been examined, of which five were found to 
be polluted and unfit for drinking; the other was classed as good. See 
Nos, 15, 29, 213, 294, 328, and 2fl7 in the table of analyses. 

a tha ■■ Polluttan ol Ammonooauo BiTer"In Vol. IS, Report 
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Ltman. — No public supply. Water is obtained from wells and from 
aprings, through lead pipe or logs. 

Lyme. — In 1838 the Lyme Aqueduct Company inaugurated a system 
of water-works, the source being springs. The water flows by gravity 
through lead, tarred-iron, and galvanized-iron mains, with lead service 
pipes. The average daily consumption is 4,300 gallons. Thirty-three 
families are so supplied. 



Chemical Examination of Water frm 



of Lyme Aqueduct Company. 
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LYNDEBoaonoH. — No public water service; simply individual wells and 
springs. 

One well has been examined, and was found to be polluted and unfit 
for use. See No. 538 in the table of analyses. 

Madbury, — No public supply; individual wells. 

Madison. — ^No public supply. The Silver Lake Eeservoir Company, 
in 1886, introduced a supply from a natural spring. The water is 
pumped to a reservoir of 513 cubic feet capacity. Galvanized iron is 
used for main and service pipes. The average daily consumption is 
about 4,000 gallons, by ten families. 

Manchester. — A water supply was instituted by the city in 1873, 
was added to in 1886, and supplemented by a high service in 1894. The 
source is Lake Massabesie, having an area of 2,S00 acres, an average 
depth of twenty feet, and a bottom partly rocky and partly muddy. It 
has approximately forty miles of watershed, wooded and cleared about 
equally. Some sawdust enters the lake. The water is pumped to a 
reservoir of 15,000,000 gallons' capacity, and an average depth of twenty 
feet. There are one hundred miles of distributing mains, iron; service 
pipes are iron, lead lined. The average daily consumption is 3,000,000 
gallons. Twelve thousand two hundred families, nine tenths of the 
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population, are consumers of this water. There are not many individual 
ve]]s within the radius of this supply. 

Chemical Examination of Wiiler from Lake Massabesic. 
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■SampletBkenat high BerTlce inlske. 

t Snmple taken at Deer Nack Bridge, A.aburn. 

t Sample taken haltvay l>e[vreen SsTerance Beaeb and Battery Foln 

{ Sample taken at month ot Sucker Brook. 

H Sample taken at tap in Board Ot Health bolldlns trom low.servloe 
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• Samples taken trom tap at City Hall. 
Hanover spring, situated in Hanover common, supplies the public foun- 
tains along Elm street. The spring is never-failing and originally fur- 
nidied a very pure water. At present it is surrounded by a densely popu- 
lated district, and each year is becoming more polluted. It is a peculiar 
fact that tie last two examinations of water from the spring, made at an 
interval of one year, have shown a marked difference in composition, and 
that the chlorine content of water at the spring is lower ihan at the tap 
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in the city liall. Kitrites have appeared Jn the water at the spring this 
year, but not at the city hall tap. These peculiar diserepancicB are as 
yet unexplained. 

Chemical Examination of Spring Supplies. 
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• Sample Iftken from McGregor Spring. 

t Sample taken from apriog at Derryfield Park, trata fauoet of Iron pipe. 

I Sllniple taken from Stark Spring. 

Chemical Examinalum of Water from Various Supplies of Slate Induetrial 
School, Manchester. 
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• Sample taken from bricked up spring treat ul pond. 

■f Sample taken from tunk In top of main building fed by spring well near Union stroot' 

I Sample taken from pond north of horse barn, wbilepond was turblil from beavy rains' 

Thirtj-seyen supplies have been examined, of which fifteen were good, 
fourteen polluted, and eight of doubtful character. For results see Nos. 
20, ?9, 80, 81, 134, 1S5, 1S7, 128, 145, 146, 147, 148, 172, 173, 174, 281. 
283, 283, 284, 323, 324, 386, 326, 365, 366, 367, 368, 369, 370, 371, 378, 
373, 374, 375, 376, 377, 498, 499, 500, 510, 649, 670, 726, 727, 788, 789. 
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Maslbobodqh. — No public supply. Water is taken from welle and 

springs through lead pipe. 

Nine supplies have been examined and five of the number found to be 
of good quality. Two supplies were contaminated by sewage, and two 
otherwise pure supplies condemned because of the presence of quantities 
of lead in the water. For results see Nos. 164, 408, 420, 463, 534, 548, 

561, ear, 697. 

MabIiOW. — No public supply. Families are supplied almost wholly 
from wells; a few have private springs. 

The one supply examined was found to contain much lead and was 
doubtless the cause of a case of lead poisoning. For result see No. 354. 

Mason. — There is no public water supply in the town. Wells and 
springs are the main source of supply, and are all owned by individual 
parties. 

The one supply examined was badly polluted and unfit for use. For 
result see No. 41S. 

Meredith. — The Meredith Fire District owns and operates a water 
supply that was installed in 1894, the source being springs. The water 
flows by gravity from a reservoir on a hill. There is an ample supply, 
"the reservoir never being more than two or three feet below high-water 
loark; an ample flow to supply the town. The area of the reservoir is 
about one hundred square rods. There are four and three fourths miles of 
iron distributing mains; service pipes are iron, with some lead lined. 
INinety per cent of the families in the precinct take water from this supply. 
There are many private wells, also. 

Chetnieat Examiaalion of Water from a Faucet of the Supply of the Mereditk 
Fire District. 















Residue 


^ayojI^JNlTUOOBW 






















EVAPO'N 




■" 


























•o 








i 


s 


1 




i 


. 


-5 


1 


.• 




i 


I 


1 


i 
■E 


I 


1 


s^ 


^ 


^ 


1 


^ 


u 


£ 


u, 




S 




S 


ts 


ir 


17* 


.^:. 


Sons 


.on« 


Decided 
veg. 


0,2 


S.1D 


i.eo 


■- 


.0071 


.™» 


.0000 


,« 


1.00 




' 



Samples from two private wells have been examined, and both were 
found to be badly polluted. See Nos. 537 and 538 in table of analyses. 
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Mebrimack. — No public or private system of water-works. The peo- 
ple of the town, with the exception of a few tenements, derive their water 
supply from wells. The tenements mentioned are supplied from a spring. 

MiDDLETON. — No publlc Bupply. This ia strictly a farming town, and 
each place has its individual well. 

Milan. — No public water supply. Water is obtained from individual 
wells. Samples from five of these were analyzed at the State Laboratory 
of Hygiene, and three of them condemned. For results see Nos, 509, 
Ml, 545, 628, and 807. 

MiLFOED. — The public water-works of Milford were built in 1890 by 
John T. Langford, and purchased by the town in 1891. There are three 
collecting wells; two of them about thirty-five feet in diameter, and one 
twenty feet deep; one somewhat smaller is fed by driven pipes. Soil, 
gravel with clay bottom. The water is pumped to a standpipe of 850,000 
gallons' capacity. There are about six miles of distributing mains, the 
pipe being iron, coated by the Smith process; service pipes are iron, 
cement lined. In 1901, the average daily consumption was 77,000 gal- 
lons. Five hundred and thirty-eight families, 50 per cent of the entire 
population, are supplied from this source. There are many private wells 
in the locality, but they are being gradually discarded. 
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•Sample takeo from weU of MUfoi'd Wg,ter.Work». 

In addition to the examination of the water supply of Milford, seven- 
teen other waters from that town were analyzed at the State Laboratory 
of Hygiene. Five were of good quality, one was doubtful, and eleven 
were unfit for drinking. Of the eleven bad waters, six were so classified 
because of the large amount of lead they contained. For detailed results 
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see Nos. 92, 130, 153, 233, 351, 468, 578, 603, 619, 662, 672, 671, 810, 
815, 816, 828, and 829 in the appended table of analyses. 

MiLLSFiELD. — No public supply. All water is from private springs, of 
an average depth of about four feet; cobbly bottom. 

Milton. — ^No public water supply. The town is supplied by individual 
wells, springs, or cisterns. 

Monroe. — No public water supply. The health officer writes: "Our 
water supply in Monroe is mostly from springs above buildings, with the 
exception of two hydraulics that pump water from a ravine below the 
village at Monroe Plain. There is no sewerage system at the village, 
the soil is sandy loam, and the springs must take the drainage of build- 
ings that stand just above. I was called this summer by our pastor to 
look at the water, and boxes that carry the water to the hydraulics. I 
found that the boxes contained a dark green sediment, which smelled very 
rank. I would advise that this water be analyzed. Several families in the 
village are having wells bored here on the plain, and I think some of 
the waste water from sinks runs on the ground within three feet of wells; 
privy not over ten or fifteen feet from and above well, which must take 
the drainage from both through this sandy soil.** 

One supply only was analyzed, and that found to be of superior quality. 
For resxdt see No. 508. 

Mont Vernon. — ^No public water supply. There is one town pump. 
Each dwelling, almost without exception, has its private well. 

The two samples examined were both of doubtful quality. 'For results 
see Nos. 66 and 156. 

MouLTQNBOEOUGH. — No public water supply. 

The one supply examined was unfit for use. For result see No. 222. 

N-ASHUA. — ^No public supply. A private supply, the Pennichuck water- 
works, installed by Nashua Aqueduct Company, in 1853, has for a source 
springs and wells. The wells, from sixteen to fifty-two feet in depth, 
are driven through alternate layers of marl, sand, fine gravel, and coarse 
gravel, and flow from twenty gallons to 275 gallons per minute. The 
reservoir, of 4,000,000 gallons' capacity, is thirteen feet in depth. There 
are about seventy-five miles of cast-iron distributing mains; wrought iron, 
galvanized, is used for service pipes. The average daily consumption is 
3,500,000 gallons, by 4,000 families, about 95 per cent of the population. 
There are not over five or six wells. 
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Chemical ExamincUioti of Water from Tap of Penniekuck Water-Work* 
Company. 
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The water from six other supplies was examined. Four supplies were 
of good qaality, one was bad, and one doubtful. For results see Nos. 47, 
56, 100, 378, 64,6, 650. 



New Boston. — No public supply, 
s from individual wells and springs. 



The water supply of New Boston 



Newbory. — ^No public supply. At Blodgett's Landing there are two 
small private supplies from springs. There are two small reservoirs, one 
supplying twelve or fifteen families; the other, five or six families. 



Newcastle. — No public supply, 
ind cisterns. 



Water is supplied by private wells 



New Dobiiam, — There is no public water supply in town. The indi- 
vidual family supply is from wells, principally dug wells, a few bored 
ones, and a few springs. The water is generally cold and tastes well, bat 
has not been analyzed this year, 

Newfiblds. — No public water supply. Water all taken from wells or 
cisterns. 

One of the two supplies examined was badly polluted; the other was 
suitable for use, For results see Nos. S6S and 563. 



New Haupton. — No public water supply in town. Most of the water 
is taken from shallow wells, through lead pipe. Several persons have 
suffered from lead poisoning. Several samples of the water have been 
analyzed at the State Laboratory of Hygiene, and lead found in most ol 
them. 

Eight supplies were examined and five found to be unsuitable for 
drinking because of the quantity of lead present in ttie water. Aside 
from the presence of lead the waters were pure and quite suitable for 
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drinking. For results of analyses see Nos, ] 
440, 465. 



Newikgton. — No public water supply. 



, 826, 826, 330, 346, 418, 



Water : 



taken about 



New Ipswicn. — ^Ko public water supply, 
evenly from wells and springs. 

Three samples of water from this town have been analyzed, one of 
vblch was suitable for drinking and two dangerous because of the large 
amoont of dissolved lead in the water. For result* see Nob. 295, 578, 
643. 

Newport. — The town owns and operates a system of water-works sup- 
plied by a pond, or lake, of sixty-sii acres; average depth about thirty 
feet; bottom largely sand and rock. The watershed is about four or five 
square nulee, about two-thirds wooded; three families reside thereon. It 
ifi a gravity system of 12| miles of distributing mains, cast iron; service 
pipes wrought iron and cement lined. About four hundred families, 50 
per cent of the population, are cooisumers. There are also one or two 
individuals who sell spring water. There are many individual wells in 
the locality. 
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The water from six other supplies was examined. Of these three were 
good and three bad. For results see Nos. 466, 486, 519, 604, 655, 711. 

New London. — No public supply; water mostly from wells. 

Newton. — ^No 'public water supply. Nearly every family has a well, 
some more than one. A few have no well, and depend upon neighbors 
for water. 

One well has been examined and pronounced unfit for drinking pur- 
poses. See No. 814 in table of analyses. 
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NoBTH Hamfion. — No public supply. A charter is held by the North 
Shore Water Company, and the matter of supplying Little Boar's Head 
and Eye Beach with an ample supply of good water has been talked of 
for the past year, but as yet no well-defined plan has been reached, 

NoRTHFiELD. — No public Supply. The Tilton & Northfield Aqueduct 
Company, a private corporation, instituted, some fourteen or fifteen years 
ago, a water supply, tlie source being a pond fed by springs. The land is 
cleared for some distance from the water, and there are no houses witiiin 
one half mile. The water runs by force of gravitation in pipes to a 
reservoir. The distrihuting mains are of iron; service pipes, galvanized 
iron. There are not many individual wells in the vicinity. 

Chemical ExaniinalioH of Waler fmm a Faucet of the Tillon £ Norlhfield 
Aqiieducl Company. 
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NORTHWOOD. — No water supply other than individual wells and springs. 

Of the three supplies examined at the State Laboratory of Hygiene, two 
were found to be good, and one badly polluted. For results see Nos. 309, 
321, and 388. 

Nottingham. — No public supply. Water is obtained from wells and 
springs. Wells are dug from fifteen to thirty feet deep.' 

Two wells have heen examined, and both pronounced unfit for use. 
See Nos. 138, 286, in table of analyses. 



Obakoe. — No public supply, 
wells or springs. 



All the water is obtained from private 



Orford. — No public supply. There are private supplies from springs, 
which furnish water to some thirty families. These springs are dug from 
six to eight feet deep, through sandy loam, subsoil rock. The water flows 
by gravity through iron and lead mains, with lead for service pipes. There 
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are no individual wells in the vicinity. There are several other private 
springe. 

Chemical Examination of Water from the Wilcox Springs. 
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Sample from a private tap was examined, and- found to he excellent; 
also sample from tap at schoolhouse was found to be excellent water, 
with the exception of traces of lead. See Nos, 30 and 380 in table of 
analyses. 

OssiPBB. — There is no public water supply. 

Of the four supplies examined, three were of good quality, one, spring 
water, waa polluted and unfit for use. For results see Nos. 16, 386, 413, 
and 478. 

Pelkam. — No public water supply. All the houses in town but two 
are supplied by wells, which are believed to be in good condition. The 
two exceptions are supplied from springs, through lead pipes to cisterns 
in tiie houses. The water is charged with carbonic acid, which prevents 
poisoning. 

Pembkokb. — No public supply. Tliere are two private supplies. The 
Suncook water-works, built in 1896, is supplied from a pond having an 
area of twenty-five acres, fifteen feet deep on an average, and a very 
muddy bottom. No inhabitants within two or three miles. The water 
flows by gravity. There are nine miles of distributing mains, cast iron; 
service pipes of galvanized iron. About 50 per cent of the population 
me supplied from this source. The Baker & Dearborn water-works 
were built in 1895, the source being a spring and Suncook river. The 
latter receives all the sewage of Pittsficld, sixteen miles above. This 
river water is pumped to three reservoirs, 150 x 30, 50 x 20, and 50 x SO, 
and 9 feet deep respectively. The distributing main is one mile in length 
and ia of wrought iron; service pipes of galvanized iron. About 10 per 
cent of the population take water from this supply. There are many 
private wells within the circuit of these tiio supplies. 
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Chemieal Examination of Water from Varioui Sources.' 
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Two analyses of water from one private source have been made. 
Water organically good, but carrying lead. See N^ob. 148 and 333 in table 
of analyses. 

pETEEBOROnoH. — In 1896 the town installed a water supply from a 
brook fed by springs. The watershed is three miles by one mile in extent, 
consisting of pasturage and woodland. It is a gravity system of approx- 
imately four miles of distributing mains, iron; service pipes of iron. 
Two hundred or more families, one fifth of the population, are con- 
sumers. There are quite a number of wells still in use, but they are 
gradually being given up. 

Chemical Examinalimi of Water from Tap of Town Supply. 
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The water from twenty other supplies was examined. Ten supplies 
were found to be of good quality and ten were bad. Of the trai bad sup- 
plies nine were bo reported because they contained lead in dangeroofl 
quantities. For results see Nos. 31, 65, 82, 308, 449, 511, 512, 617, 536, 
555, 557, 641, 643, 656, 667, 691, 695, 696, 776. 
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PiEHMONT. — No public Supply. Nearly all the water used in town is 
obtained from Bprhigs on the hillside of sand and sandy loam. There 
are only nine wells in town. Lead pipe ia used chiefly. 

PiTTSBiTHO. — There is no other water supply in this town than springs 
and a very few wells. Nearly every fanuly has spring water. 

PlTTSFlELD. — No public supply. The Pittsfield Aqueduct Company 
installed a supply from a pond in 1884. It is a gravity system. There 
are eleven miles of cement-lined iron mains, while the service pipes axe 
of galvanized iron. Two hundred and seventy-five families, 95 per cent 
of tbe population, take of this water. There are a few private wells in 
use. 

One weU wae examined and found to t>6 unfit for drinking purposes. 
See No. 298 ia table of analyses. 

Plainfield.— No public supply. A private supply was introduced in 
1890-91 by the Meriden Water Company. The source of the supply ia 
springs dug from seven to ten feet deep, and flowing from ten to thirty 
gallons per minute. The watershed has an area of about one hundred 
acres, all cleared. The water flows by gravity to a reservoir 30 x 35 i 8 
feetj and having a capacity of 1,000 barrels. The distributing main is 
1^ miles long, and this as well as the service pipes are plain iron. Twenty 
families, besides the hotel aud boarding-house, are supplied from this 
source. There are many individual wells in the locality. 

Chemical Bxaniination of Wdier from' Tap of Meriden Water Company. 
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Plaistow.— All of the water used in this town ia obtained from indi- 
vidual wellB. 

One supply only has been examined at the State Laboratory of Hygiene, 
and that appeared to be slightly polluted, but was reported as probably 
suitable for drinking. See No. 530 in the table of analyses. 
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Plymouth, — The town installed a system of water-works in 1880 and 
1881, the supply being from springs and wells. The average depth of 
the wells is six feet A foot of top soil is loam; below the loam is marl 
and gravel. The wells are dug. The water flows by gravity to two 
reservoirs having a capacity of 4,000,000 gallons; area, one acre; average 
depth, twelve feet. There are about six miles of distributing mains, one 
half cement, one half iron; service pipes are of galvanized iron. The 
average daily consumption is about 50,000 gallons. About three hundred 
families, 75 per cent of the population, are consumers. There are several 
individual wells in the locality. 

Chtmicai ExaminaCion of Waier from Town Supply. 
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Samples from five private sources have been examined: one from tap, 
one from well, and three from springs. Three samples were of good 
quality; two were dangerously contaminated with lead. See Nos, 136, 
626, 628, 659, and 728 in table of analyses. 



PoETSMODTH. — The city constructed a system of water-works in 1891, 
the source being wella and springs. The watershed is about four squu% 
miles in ajea, partly wooded; no inhabitants very near. The wells are 
driven from, seventy to one hundred feet, in gravel. The water is 
pumped to a standpipe having a capacity of 500,000 gallons. There are 
about thirty miles of cast-iron distributing mains; service pipes are of 
galvanized iron. The average daily consumption is 1,600,000 gallons. 
Practically the entire population, 2,000 families, are consumers. There 
are very few private wella. 
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Chemical Examination of Waler from Porlsmou/k Water Supply. 
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Sample from one well has been examined, and reported unfit for drink- 
ing pnrposee. See No. 439 in table of analyses. 



Randoli 



—No public water supply. 



Raymond. — In 1893 the town installed a public water supply from a 
system of wells driven'from forty to sixty feet deep, through loam, sand, 
and gravel. The water is pumped to a standpipe having a capacity of 
118,037 gallons. The watershed is about one square mile in area, is 
about equally wooded and cleared, and on it are about six hundred inhab- 
itants. The distributing mains, from three to four miles in length, are 
of iron; service pipes of galvanized iron. Eighty families, 80 per cent 
of the population, are consumers, the average daily consumption being 
65,000 gallons. There are a few wells in the locality. 

Ghemieril Exiiiiinalion of Wilier from Funnel of Raymond Water-Wurka. 
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Richmond. — No public supply. Each family, as a rule, has its indi- 
vidual well. There is one well, however, that is owned by several neigh- 
bors for their own private accommodation, especially when other wells 
may be dry in summer. One hotel is supplied from a private well across 
the street, and from another in the hotel cellar. 

One sample of water from this town was examined at the State Labor- 



STATE BOARD OF HEALTH. 



atory of Hygiene, and was found to be badly polluted. See No. 767 in 
the table of analyses. 

B.OCHESTER. — The fiochester water-works, owned by the city, installed 
in 1885, has for a source a pond and reservoir, the pond being about one 
hundred acres, and the reservoir two hundred acres in area. The water- 
shed, several square miles in extent, is both wooded and cleared, with, 
perhaps, seventy-five inhabitants. The water flows by gravity through 
from fifteen to twenty miles of cast-iron mains; service pipes nearly all 
iron, some are lead. More than 90 per cent of the population are con- 
sumers of this water. There are not many private wells in the locality. 
Chemical Examination of Water from Tap of CUy Supply. 
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The water from eight other supplies has been examined, and four sup- 
plies found badly polluted; three were potable and one was of doubtful 
quality. For results see Nob. 311, 319, 470, 483, 485, 615, 660, 688 in 
table of analyses. 

EOLLINSFOHD. — No public Water s^ipply, the only source being wells 
and springs, samples from many of which have been analyzed at the State 
Laboratory of Hygiene, and in a majority of cases found to be unfit for 
domestic use. There are a number of citizens who would be glad to see 
a system of water-works installed in the village. 

Twenty supplies at Salmon Falls, in the town of Eollinsford, have been 
examined, and fourteen of the number found to be unfit for use. Six 
supplies were of good quality. For results see Nos. 250, 351, 353, 353, 
263, 264, 265, 266, 387, 313, 314, 333, 334, 431, 433, 433, 441, 483, 
and 484. 

EoxBDHY. — No public supply. Some families use the old wells, but 
roost of them are supplied with running water from the hills. 

Edmnet. — This town is supplied with water from private wells and 
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Of the eight sampleB examined at the State Laboratory of Hygiene, 
three were found to be potable, two were of doubtful quality, and three 
were unfit for drinking purposes. Of the three polluted supplies, one 
was condemned because it contained lead in large quantiti^. See Nog. 
205, 215, 216, 280, 438, 681, 683, and 683 of the appended table of 
analyses. 

Rye. — ^No pnblio supply. The entire water supply is taken from pri- 
vate wells and springs. 

Two supplies only were examined, and both proved to be pure. For 
reeultfl see Noe. 105 and 693. 

Saij!M. — No public supply. The Salem Water-Works Company ate 
putting in a system of water-works from Policy pond, partly in Wind- 
ham and partly in Salem. The pond has an estiniated area of eight 
hundred acres, with an average depth of forty feet (estimated). It is 
fed by springs, no streams entering it, and the bottom is gravelly. The 
watershed has a gradual slope, partly wooded and partly pasture. The 
water flows by gravity. TTie present water supply of the town is from 
private wells. 

Chemical Examination of Water taken from Policy Pond, otherwise known 
a» Canobie Lake.* 
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Ten samples from private supplies, nine wells and one spring, have 
been examined. The spring had good water, two wells of doubtful 
quality, and seven bad. See Nos. 114, 115, 140, 199, 242, 358, 4'!'1, 515, 
661, and 685 in table of analyses. 

Salisbcbt. — No public water supply. 

Four supplies have been examined and all found bad. One supply was 
polluted by sewage, and three contained lead. For results see Nos. 163, 
876, 693, 694. 
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Sanbobnton. — No public water supply. 

Sandown. — No public water supply. 

But one supply of this town lias been examined, and that, a well, waa 
polluted and unfit for use. For result see No. 603. 

Sandwich. — No public supply. Practically every house has its indi- 
vidual well. Some of the water is conveyed through lead pipe. 

Two welk, one polluted and unfit for use and the other of permissible 
quality, have been examined. See Nos. 41 and 317 in table of analyses. 

Seabhook. — No public water supply. 

The one supply examined was found to be very badly polluted. For 
result see No. 262. 

Sharon. — No public supply. Water is obtained entirely from springs 
and wells. 



SoMEBSwoRTH.— A system of water-works was installed by the city in 
1895, from Salmon Falls river, which received the sewage of East Roches- 
ter and the woolen mills there. The water is pumped to a standpipe 
having a capacity of 997,000 gallons. The distributing mains are cast 
iron; service pipes, galvanized iron. The average daily consumption is 
626,000 gallons. There are 850 connections, representing about nine 
tenths of the population. There are several private wells within the 
radius of this supply, but many who have wells have city water also. 





Chemical Examinalion of Water from Faucet 
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Many wells and springs have also been examined and, in a majority of 
cases, the water found to be unsuitable for drinking. For results see 
Nos. 61, 68, 391, 416, 527, 540, 547, 579, 580, 644, 645, 658, 673, 679, 
680, 699, 700, 701, 702, 756, 757, 758, and 759. 

South Hampton. — There is no public supply in lown. Water for 
family use is all from wells. A few springs are used for barnyard and 
highway purposes. 

Springfield. — The water supply of this town is entirely from private 
wells and springs. 

Of the two supplies examined at the Stale Laboratory of Hygiene, one 
was reported potable, and the other unfit for drinking. For results see 
Nos. 99 and 126 in the table of analyses. 

Stark. — ^No public supply. Water is obtained from springs and 
driven wells. 

Stewartstown, West. — ^No public supply. The Consolidated Water 
Company furnishes water to twenty-five families, the source being several 
springs and a few wells. Several shallow wells were dug on a hillside 
near the village, above which, and from thirty to fifty rods distant there- 
from, are a few acres of wet, springy ground. The soil is a dark deposit, 
with gravel underneath. The quantity of water in the wells is not large. 
There is a reservoir of about 10,000 gallons' capacity, from which leads 
about one half mile of wrought-iron distributing main; service pipes are 
galvanized iron. There are still a few deep wells in the locality, dug'Jrom 
fifteen to twenty feet, on a level with the river, and which have good sup- 
plies of water. 

Stoddard. — ^No public supply. Most of the families are supplied from 
individual wells; a few from Long lake. 

Strafford. — ^No public supply. Water is obtained from individual 
wells, the pipes used being partly lead and partly galvanized iron. 

Stratford. — ^No public supply. The village of North Stratford has 
two private water supplies. In 1882 Mr. Clark Stevens installed a 
supply from a system of springs, the watershed being about sixty acres, 
mostly cleared land; no inhabitants. The springs are seven in number, 
stoned from five to seven feet deep. The top soil is loam, gravel below 
loam to bottom of wells. The water flows by gravity through about 1 J 
miles of galvanized iron mains; service pipes also galvanized iron. There 
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are two private wells within the circuit of this system. In 1888 Mr. J. C. 
Hutchins introduced a second supply, also from springs stoned about six 
feet deep, with same kind of soil as first supply. The watershed is about 
five square miles in area, mostly cleared land; no inhabitants. The water 
flows by gravity through three miles of distributing mains of galvanized 
iron; service pipes, gah'snizcd iron. There are two private wells within 
the radius of this supply. About 98 per cent of the population are served 
from these two systems. J 

Chemical Examination of Waler of Stratford.' ^ 
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Sthatfoed Hollow. — No public supply. Water is obtained from 
individual wells and springs. 

Sthatham. — No public supply. There is one private supply, pumped 
by windmill from a spring to an out-of-doors tank, from which four 
houses are supplied. The water supply of the town is chiefly from indi- 
I Tidual wells and springs. A few filtered cisterns are used. 

Sullivan. — Individual wells and springs are the only water supply. 

Sltiapke, — The Sunapee water-works, owned by the town, were built 
in 1901, Sunapee lake being the source from which water is taken to 
«upply the Sunapee village, and Ledge pond for George's Mills. Water 
from the pond flows by gravity, while that from the lake is pumped to a 
reservoir of 300,000 gallons' capacity. There are about three miles of 
4-inch, 6-ineh, and 8-inch iron distributing mains; service pipes, inch 
and j^inch, are of galvanized iron. The average daily consumption, 
by fifty families, is 30,000 gallons. There are many private wells vrithin 
the circuit of these supplies. The Lake Sunapee Water Supply Com- 
pany, a private company of twenty-three stock owners and takers, in- 
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stalled its woikg in October, 1886. The water is taken from Sunapee lake, 
and flows by graTity. The plant is nearly worthless at this time, as the 
pipes are of small size and filled with rust. 







Chemical Examinnlion 
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■ Sainple taken from private supply tbTousIi ICO feet ol lead pipe, 

t Sample tttken from Ledge Pond, Qeorga'B MIUb water Boppl;. 

1 Sample taken from Lake Sanapee, Supply of Suoapee Watar-Wocks Company. 

Of the four private supplies examined, one was of doubtful quality, and 
three were suitable for drinking. For results see Nos. 240, 273, 496, and 
651 in the appended table of analyses. 

SoRRT. — No public supply. Water is obtained from wells dug about 
three feet deep, on a hillside, and are fed by springs. The water flows 
by gravity about one mile, through )Iead pipe. Fourteen families are so 
supplied. 

Sdtton. — The water used in this town is obtained from private wells 
and springs. Some wells are near buildings, and pumps are used; ia 
other cases the water is conducted through lead pipes from springs b^ck 
in the hills. 

Samples from twelve supplies have been analyzed at the State Labor- 
atory of Hygiene, of which nine were found to be badly polluted; one was 
of doubtful quality; and the two others, which contained slight amounts 
of lead, were reported as doubtful. Two of the polluted waters were so 
reported because of the large amount of lead they contained. For re- 
sults in detail see Nos. 14, 67, 169, 195, 302, 318, 329, 490, 493, 549, 
639, and 678 in the table of analyses. 

SwANZET. — No public supply. A private supply at West Swanzey 
furnishes water for four or five families from a small reservoir fed by 
springs, but the water is not used to any extent for drinking. 
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The one supply examined was somewhat polluted, but was probably safe. 
For reEult see No. 690. 



supply. Water is obtained from individual 



Tamwohth. — No publii: 
springs and wells. 

Temple. — No public and no private system of water-works. Water is 
obtained from individual springs, which flow by gravity, and from wells. 

Thornton. — No public supply. AVater is obtained from springs and 
wells, through lead and iron pipes. 

TiLTON. — No public supply. A private supply was installed by the 
Tilton & Northfield Aqueduct Company in 1887-88, Uie source being a 
pond of about sixty acres in area, from ten to seventy-five feet deep; sand 
and gravel bottom, with hut very little mud. The watershed is several 
hundred acres in extent, wooded and pasture, with five farms. The water 
flows by gravity, through about ten miles of distributing mains, cement 
lined and cast iron; service pipes of galvanized iron chiefly, Foiir hun- 
dred or more families, 75 per cent of the population, are users. There 
are still a very few wells in the locality, most of them having been aban- 
doned. 

Chemical Examinaiio/i of Waler from a Faucet in Tilion Supplied by the 
Titlon & Northfield Aqueduct Company. 
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Samples from three wells have been examined: two were pronounced 

good, and one bad. See Nos. 109, 133, and 677 in the table of analyses. 

TsoT. — No water supply other than individual wells and springs. 

Of four samples examined at the State Laboratory of Hygiene, two 
were condemned because of the large amount of lead they contained. For 
results see Nos. SIO, 276, 277, and 601 in the table of analyses. 
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TuFTONBOROUGH. — No public supply. 

dNiTY. — No public water supply. The people are supplied with water 
chiefly from wells. A few have running water from individual aque- 
ducts. It is believed that many of the wells furnish poor wat«r. 

One spring supply was found to contain a large amount of lead. For 
result see No. 776. 

Wakefield. — ^No public supply. There are two driven wells in town; 
the others are dug and are not more than fifteen to twenty feet deep, on 
an average. 

Six samples of water from this town have been examined at the State 
Laboratory of Hygiene, of which five were pronounced good and one 
of doubtful quality. See Nos. 632, 635, 636, 654, 792, and 793 in the 
table of analyses appended. 

Walpole. — The North Walpole Village Precinct Water- Works, owned 
and managed by the precinct named, was installed about thirty-five years 
ago by Nathaniel Monroe. There are four springs; one, flowing twenty- 
five gallons per minute, is pumped to a reservoir; three others run into 
cement-lined pipes and supply eighty-four families, and have a capacity 
for thirty more. The soil is fine gravel. There are about six miles of 
iron and cement mains, while the service pipes are lead and iron. Two 
hundred and forty families are supplied from this source. There are a 
few wells in this precinct. The remainder of the town of Walpole is 
supplied from private wells and springs. 

Samples from two wells and a cistern have been examined. The cistern 
water was reported acceptable for drinking; the two well waters as pol- 
luted and unfit to drink. For detailed results see Nos. 171, 481, and 1621 
in table of analyses. 

Warner. — No town supply. In 1895 a supply was introduced by pri- 
vate parties, which was later purchased by the Warner Village Fire Dis- 
trict. This consists of a reservoir supplied by springs and a brook. The 
bottom is clayey hardpan in part, and part gravel; average depth, eight 
feet. The watershed is estimated at four hundred acres, wooded; not 
more than twelve inhabitants. The volume of water varies greatly. 
During the la^t drought the stream became dry, but the springs afforded 
sufficient water for all purposes. The water flows by gravity. There are 
four miles of cast-iron mains, while the service pipes are of galvanized 
iron. The supply is not metered. Sixty families, approximately 40 per 
cent of the population, are consumers. There are quite a number of pri- 
vate wells in the locality. There are many private supplies which are 
piped from springs long distances through lead pipe. 
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An examination of several of these waters hgs shown lead present in 
greater or leaser quantities. For detailed resiilta see TTob. 12, 13, 518, 
533, 675, 717, 731, 732, 754 in the table of analyses. 

Chemical Examination of Waier front a Faucet of Ike Village District Supply. 
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Warren. — No public sopplj. There are two private systems of water- 
works in town: one, the Warren water-works, was built in 1873, the . 
source being a spring about a mile distant. The water flows by gravity 
through galvanized iron pipe. Nineteen famiiies are supplied from tbis 
source. The other supply, the H. N. Merrill water-works, was installed 
about the year 1895. This supply is from a spring, and driven well 474 
feet deep. The water flows partly by gravity and partly by being 
pumped into a reservoir. The distributing main, iron, is about a mile 
in length; service pipes galvanized iron. Eighteen or twenty families 
take from this supply. There are not many private wells within the 
radius of these supplies. 
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One well and one spring have been examined. The well was pro- 
nounced bad; the spring of excellent quality. For results see Nob. 131 
and 138 in table of analyses. 
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Washington. — ^No public water-works. The town being quite hilly^ 
^ great many families have put in private aqueducts at comparatively 
small expense. It is probable that nearly or quite half the farms have 
aqueducts supplying house, or barn, or both. Lead pipe has generally 
"been used to conduct the water, although of late iron pipe has been em- 
ployed to some extent. 

Four samples, one from tap, three from wells, have been examined* 
Three were reported unfit for use; one permissible. See Nos. 5, 176, 191^ 
609 in table of analyses. 

Wbabe. — ^No public water supply. Four families at Riverdale are 
supplied from a spring, by lead pipe. The works were put in about sixty 
years ago by Christopher Simons, who supplied the village with excel- 
lent water. Later, the owner of the spring asked several parties to put 
their faucets on a level with his; they would not. He cut the pipe and 
laid a new line to supply the four families mentioned. The others now 
depend upon wells. At North Weare four families get water from a 
spring, through pipe not lead. Wells are generally used, although quite 
a number in town have running water from springs. 

Two spring supplies, the Mineral spring at North Weare, and Cold 
spring at South Weare, were of excellent quality. One well examined 
was found to be polluted. For results see Nos. 75, 139, and 243. 

Websteb. — No public waiter supply. Water is supplied by private 
works from springs and wells. 

One private supply has been examined and found to be excellent in 
quality. For result see No. 446. 

Wentwobth. — There are no public water-works in town. The sup- 
ply is from wells and springs. 

Westmobeland. — No public supply. 

Whitefield. — The public water-works, owned by the town, were built 
by private parties in 1892. The water is from streams, and flows by 
gravity to a reservoir having a capacity of 800,000 gallons. There are two 
watersheds of about thirty acres each. There are about 3J miles of dis- 
tributing mains, cast iron; service pipes of galvanized iron. About three 
hundred families, 75 per cent of the population, are consumers. The 
remainder obtain water from individual wells. 

8 
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Chemical Examinalioa of Water from. Town 8: 
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One well supply was examined and found ti> be unfit for use. For 
TCBultB see No. 108 in table of analyses. 

WiLUOT. — No public and no private water-works. The snpply of tiiia 
town is from indiyidual springs or wells. 

Wilton.— No public supply. There are two small private eupplies 
from springs, in both cases dug not over eight or ten feet deep, through 
s^nd or gravel; some clay in spots. Water flows by gravity leas than a 
mile, through lead service pipes and main. About twenty-five families 
are so supplied. This town is situated in a valleyj and the hills all around 
are full of excellent water. Most of the houses are supplied from indi- 
vidual springs. All are shallow, from six to ten feet deep. 

Water from fourteen of these springs has been analyzed, and of that 
number but four were found suitable for drinking. Of the ten polluted 
supplies, five contained lead in greater or lesser amounts, sufficient to con- 
demn them. For detailed results see Nos. 132, 180, 197, 209, 244, 288, 
3,10, 350, 475, 487, 653, 582, 61S, 618, 730 in the table of a 



Winchester. — No public water supply. 

'Windham. — No public supply. 

WiNDSOE. — No public supply. Most of the water is taken from wells 
dug from fifteen to twenty feet; soil mostly heavy loam; subsoil, clay or 
hardpan. One well, twelve feet deep, is through light soil, gravel sub- 
eoil. One spring is about three feet deep; soil same as last. Nearly all the 
water is drawn with copper pump through lead pipe. One is supplied by 
gravity through lead pipe, and one by open bucket, 

WoLFEBOROUGSt. — The public water-works, owned and operated by the 
toa-n, ivere installed in 1889. The source of the supply is a pond of about 
three hundred acres; depth in places from sixty to seventy feet; average 
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for the pond about thirty-two feet; bottom mostly sand, with small rocks. 
The watershed is from three to iour Bquare miles in extent; five seventha 
woodland, two sevenths pasture; only one family inhabits the watershed. 
T^e pond is fed by several large springs, with large and constant flow. 
The water flows by gravity through 14.69 miles of distributing mains; 
9^ miles cast iron; 5^ miles wrought iron. Service pipes are mostly of 
galvanized iron. About 1,800 persons, 557 faucets, are supplied froin 
this source. There are, perhaps, twenty private wells within the circuit 
of this supply. 

Chemical Examinaiion of Waler from Public Fountain. 
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Three other supplies ■ 
was good. For results s 



ere examined, of which two were bad and one 
3 Nos. 35, 36, 37. 



Woodstock, — In 1897 the North Woodstock Water Company installed 
a system of water-works, which was sold to the town of Woodstock. This 
is in the precinct of North Woodstock. The source is a stream dammed 
to form a reservoir of about one acre. The water flows by gravity through 
3f miles of cast-iron mains; galvanized iron service pipes. The average 
daily consumption is about 8,000 gallons, not including summer hotels. 
Seventy families, 99 per cent in the precinct, are takers. There are no 
wells in the precinct. The town of Woodstock is about evenly divided 
into the northern and southern portion. The latter is supplied with 
water from private wells and springs, and since the removal of all lead 
pipe, etc., it seems to be of good quahty, 

WoODSTiLLE, — Woodsville Fire District is supplied with water by the 
Woodsville Aqueduct Company, whose plant was installed in 1885, by 
James Gordon, who introduced water from Gordon spring in 1893 or 
1893. The first-named supply is from Ammonoosuc river, which receives 
all the sewage from the towns of Bath, Lisbon, and Littleton, farther up 
the river. The water is pumped directly from the river and flows through 
about three miles of distributing mains, iron. This company also sup- 
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plies water from a spring, dug about four feet deep, which yields about 
50,000 gallons daily, delivered through two miles of lead pipe. Soil is 
mucky loam, with sandy bottom. About nine tenths of the population 
are supplied from these sources. Gordon spring is about two feet deep, 
while the volume of water is about 48,000 gallons daily; soil, raueky loam, 
with sandy bottom. One half mile of galvanized iron pipe is used to 
convey this water. Thirty-three families take from this supply. There 
are twelve or fifteen driven wells in the locality. 



Chemical Examination of Water from St 
Company. 
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This water is somewhat polluted by the sewage which enters the 
Ammonoosuc river above 'Woodsville, at Bath, Lisbon, and Ijittleton. The 
amount of sewage present is somewhat greater during the summer and 
fall, when the flow of water is the least. Samples taken during the 
winter months show but slight pollution. 
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LEAD POISONING AS EELATED TO WATER SUPPLIES. 

Lead pipe has been always a favorite medium for conveying water from 
the supply to the consumer, because of the ease with which it can be 
made, its resistance to corrosion, and its adaptability to use. The sup- 
plies of Rome were frequently conducted through lead, and specimens of 
the pipe they made two thousand years ago are still in existence and 
<;apable of service. 

The one great objection to the use of lead pipe is that it is somewhat 
soluble in certain waters, and lead, when taken into the system, acts as a 
cumulative poison. Lead poisoning is a complaint which may imitate 
almost any other complaint, and it is a practical point to know that it is 
common in New Hampshire, doing immense damage to health, but very 
generally unrecognized and unsuspected. 

Acute lead poisoning, as manifested by lead ocAic, anaemia, paralysis, 
epilepsy, etc., is rarely met with as a result of the use of leaded waters, 
but the insidious forms of plumbism, or lead poisoning, which are 
very much more common than the acute cases, are constantly with 
us. The effects produced by the small amounts of lead taken into the 
system are rarely so serious as to cause death, and for this reason the 
injurious results of the long-continued use of waters so polluted are only 
gradually receiving recognition^ As lead poisoning is not often registered 
as a primary cause of death it does not make a show in the death list, 
but there is no doubt that the death rate is increased by its prevalence. 
But even if no death could be ascribed to lead poisoning, the amount of 
pain, suffering, and misery caused is widespread and can only be appre- 
<;iated by the sufferers. It is believed by those who are lucky enough to 
escape, that the risks of this kind of poisoning are exaggerated. The 
•contrary is quite the case. 

The indications of chronic lead poisoning, such, for example, as are 
liable to ensue after the continuous use of water containing small quan- 
tities of lead, are as follows: The symptoms are usually slow in their prog- 
ress; there is generally anaemia, with a consequent anaBmic pallor of the 
€kin; there is often constipation and indigestion; there may be a loss of 
appetite, an unquenchable thirst, a constant unpleasant metallic taste in 
the mouth, and a foul odor in the breath; the countenance becomes dull 
flnd appears anxious; there is rarely any fever and the pulse is usually 
natural; the respiration is often rapid; there is frequently abdominal 
hardness and pain, the pain increasing as the case progresses, colic being 
the most common symptom. 

Occasionally lead paralysis is manifested; the upper extroniitirs, and 
especially the extensor muscles, are most commonly attacked, those of the 
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wrist and forearm suffering first. The chief diagnostic sign is the blue 
line upon the gums at the margin of the teeth, due to the formation in 
the capillaries of the gum of sulfid of lead. This blue line is by no means 
always present, however. The presence of lead in the urine constitutes 
a valuable diagnostic symptom. In mild cases the prognosis is usually 
favorable when the exciting cause has been removed; but in severe cases, 
and especially where paralysis exists as a consequence of lead poisoning, 
the injury may be permanent, and occasionally prove fatal. 

The State Board of Health of Massachusetts* has been very active in the 
investigation of lead poisoning and its results are conclusive. The city 
of Lowell has been closely connected with the investigation, as the ground 
water of that city dissolves lead in dangerous quantities, and, as a conse- . 
quence, lead poisoning has always been prevalent there. Li 1899 an 
investigation disclosed an alarming condition of affairs, with many acute 
cases of a very serious nature, and, as a result of the investigation, the old 
supply was abandoned and a new one secured. Many valuable facts were 
brought out in the investigation. Wrist drop, constipation, and marked 
debility were the most common symptoms, and were produced by the use 
of water containing as little as .01 part of lead per 100,000. When the 
use of the water was discontinued and the proper remedies applied, the 
patient usually made a good recovery. 

During the past year we have been frequently called upon to examine 
waters for the presence of lead, and the frequency with which it was found 
prompted us to examine all waters for lead where there was any reason to 
think that the water had flowed through lead pipe. 

Samples of water from 177 supplies were examined for lead and in 135, 
or 76 per cent, of the cases it was found to be present. These results had 
such an alarming significance that it was thought best to make special 
investigations of all the cases where lead was found. It was decided to 
call upon the physicians of the state for their assistance and the following 
letter was sent to those who had collected samples of water containing 
lead: 

Laboratory of Hygiene, 

Concord, N. H., 



Dear Doctor, — Since the work at the Laboratory of Hygiene on waters 
which are conveyed throug-h lead pipe shows lead present in over 50 per cent 
of such waters, and as in many cases lead poisoning has resulted from the 
use of the waters, it seems advisable to investigate more thoroughly each 
case where we have found lead present. 

In this work we rely on your co-operation, and trust you will furnish ui 
such facts as seem of importance. 

' * Report of the State Board of Health of Massachusetts in 1899, page xxxi. 



WATER SUPPLIES OF CITIES AND TOWNS. 119 

Some time ago we found that a sample of water collected by you from the 

supply of contained lead to 

the amount of parts per 100,000. 

Can you ascertain whether any ill effects had been noticed by persons 
habitually using the water? And, if so, will you describe any symptoms of 
lead poisoning, such as the blue line on the gr^ms, lead colic, wrist drop, etc.» 
that you have observed? 

Have you treated any patients for lead poisoning, and with what results? 
Has the disuse of water containing lead resulted in an improvement in the 
health of persons who have had symptoms of lead poisoning? 

Any other facts concerning cases of lead poisoning from the use of leaded 
waters vdll be of much value to us. 

Thanking you in advance for the information you may give us, I am,. 

Yours very respectfully, 

H. E. BARNARD, 

Chemist. 

The response to our application was most gratifying, and from the many 
communications received the following letters are selected as showing very 
clearly the usual symptoms observed in cases of lead poisoning, the severity 
of the attacks, and the treatment employed. 

Pranklii? Falls, N. H., July 5, 1902. 

H, E. Barnard, GhemUst Laiboratcry of Hygiene: 

Deab Sib, — Your letter asking for information regarding lead poisoninif 
from water collected by me received. The sample sent was numbered 411 
and contained .022 parts of lead per 100,000. This was from a spring in 
which I have one fifth interest, and comes to my house. This spring water 
has been used by five families without any apparent trouble, but I used 
it only a short while when I began to detect symptoms of lead poisonings 
and I myself Was the victim. I then sent the water to the laboratory, with 
the result of which you have a record. 

I hiave under my treatment at the present time four cases. In one case 
colic is quite frequent, wrist drop and bleeding from the nose; in another, 
very marked neuritis, also involving the extensor muscles. The others da 
not vary from the ordinary. 

Disuse of the water and treatment show rapid improvement. 

It is very singular that in families of four or five only one shows any 
symptoms of lead, while they all use the same water. 

In the cases which came under my observation, the first symptom to dis- 
appear was severe colic. 

Respectfully, 

A. A. BEATON, M. D. 

MiLFORD, N. H., June 9, 1902. 
B. E. Barnard, CJveinist, Concord, Is. H.: 

Deiar Sir, — Replying to your favor of June 7, asking for information con- 
cerning samples Nos. 92, containing 1.7 parts, and 130, containing but .004 
parts of lead per 100,000, both samples came from waters which were habit- 
ually used for drinking and cooking purposes. In both cases I was called 
upon to treat patients for what I believed to be lead poisoning. This led 
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me to have the waters analj^zed by you, and you confirmed my diagnosis. 

The patients exhibited the usual symptoms of lead poisoning", viz., blue line 

on gums, cramp pains, constipation, wrist drop, etc. The use of the water 

was discontinued and the usual remedies given, and good recoveries resulted 

in each case. 

Very truly, 

H. S. HUTCHINSON, M. B. 

Andoveb, N. H., July 4, 1902. 
B, E. Barnard, B, 8,: 

Dear Sir, — ^In reply to your letter of June 10, concerning case of lead poi- 
son from use of water No. 477, containing .54 parts of lead per 100,000, I will 
report as follows: 

One man was sick from lead poisoning. There can be no mistake in diag- 
nosis. I have had one other case of lead poisoning from use of water con- 
taining lead. Both cases have nearly recovered. One case had blue lines 
on the gums, together with very severe colic. The use of the water was 
abandoned as soon as lead poisoning was suspected. I have treated other 

cases in years past. 

Respectfully, 

H. A. WEYMOUTH, M. D. 

MiLFORD, N. H., June 11, 1902. 

H. E. Barnard, Chemist Laboratory of Hygiene: 

Dear Sir, — Replying to yours of the 7th inst., I will say I treated a 
patient in Hancock who had been using the water sent for analysis. He had 
lead colic. Disuse of the water and treatment produced relief from cramps, 
from which he had been an occasional sufferer for some time. 

Yours truly, 

E. H. TAPT, M. D. 

Dr. Taft writes at greater length under later date, as follows: 

MiLFORD, N. H., September 12, 1902. 
E, E. Barnard: 

Dear Sir, — ^In regpard to cases of lead poisoning, I have sent three samples 
of water for analysis which proved to be contaminated with lead. In the 
families using the water were two persons suffering from marked colic and 
slight abdominal pains, with stomach trouble simulating carcinoma. Their 
troubles began to disappear when use of the water was stopped and appro- 
priate treatment begun. In another family one patient had colic, another 
had colic and rheumatism and headache. These two were the women of the 
family. The men who drank less of the water had slight gastric troubles. 
Improvement in every case followed when a new water supply was procured. 

Another case had been drinking the water for five years with increasing 

stomach trouble. These are all my cases up to date. 

Yours, 

E. H. TAFT, M. D. 

Keene, N. H.^ July 16, 1902. 
H, E. Barnard, B. 8,: 

Dear Sir, — ^Your letter of last month is before me and I regret that I have 

been unable to answer it earlier. In regard to the family who were using 
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the water, numbered 521 in your laboratory, which you examined and found 
to contain 3.3 parts of lead per 100,000, I can state that a decided improve- 
ment in the patient's condition was soon noticed after withholding this 
water as a source of supply for drinking purposes. This improvement has 
remained permanent. This patient began using the water in August, 1901, 
and in two months had a slight attack of colic. In December he had an 
attack of abdominal pain of a colicky nature for three days, combined with 
constipation, but he continued to work. In January, 1902, another attack 
about the same, except that the constipation was more severe. In March 
he had a more severe attack and called for medical aid. I found a man of 
about twenty-five years of age, anaBmic, with severe abdominal pain, a little 
temperature, and badly constipated. He was in bed five days, and all symp- 
toms except anaemia improved. In April I was called again and found him 
in a similar condition, except pain more steady and intense and a blue line 
on the two lower middle incisors. He was in bed eigljt days, feeling better 
as soon as bowels were freed. He is now in good condition, with a good 
color, no constipation, and says he feels as well as he ever did in his life. 
It is interesting to note that his wife had two attacks of colic and was con- 
stipated. His child of three years slowly became constipated and was 
slowly losing color. A baby born in February was slightly constipated at 
first but slowly contracted an obstinate constipation, especially after it began 
to take water between its feedings. Mother and two children are nicely, 
good color, and bowels acting normally. 

I take this opportunity to thank you for the work* done, and assure you 
it has been a great help to me in relieving this family. 

Most respectfully yours, 

JOHN D. PROCTOR, M. D. 

Newport, N. H., June 13, 1902. 
ff. E. Barnard, ChemiM: 

Deab Sib, — In reply to your request for a clinical report of the case which 
prompted me to send you a san^ple of water to be analyzed for lead, and 
which yDu found to contain 1.1 part of lead per 100,000, I have to say that 
the patient is the sole user; of the water, and she has wrist drop and partial 
paralysis of the hands and legs. No blue line on gums has yet been noticed. 
Mrs. B. B. has been sick for some time and her case has been diagnosed 
by other physicians as cancer of the stomach, etc., etc. 
The water is not being used at present. 

Yours fraternally, 

H. L. STICKNEY, M. D. 

Troy, N. H., June 19, 1902. 
H, E. Bo/mard: 

Dear Sir, — Replying to your recent communication regarding lead in 
water and its symptoms as observed, will say that I have had quite an expe- 
rience with cases of lead poisoning, having had a large number of cases 
during my practice here. The water from which sample was sent you last 
fall supplied five families, some members in each of which were complain- 
ing of headaches, dyspeptic symptoms, rheumatic pains, constipation and 
diarrhea; but none had the wrist drop, or obstinate constipation, or lead colic. 
The sample I sent this week I found to contain lead, and Mrs. H has been 
complaining of pain in her feet and limbs with backachie and some pain in 
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arms. I put her upon treatment and she is now nearly free from pain. All 

of these persons improved in health as soon as they left off the use of the 

water. 

M. T. STONE, M. D. 

Frai«5XIN, N. H., June 9, 1902. 
DxiAB Mr. Baknard, — Referring to your analysis of water from a tap, 
numbered 76, which showed lead to be present to the extent of .015 parts 
per 100,000, 1 can state that a person using* the water suffered from lead 
colic. Since leaving off using the water he has been much better. There 
was no blue line on gums or wrist drop. 

Very truly yours, 

E. T. DRAKE, M. D. 

Under a later date Dr. Drake writes coneeming another case: ^^The 
lady of the house where I took this sample has symptoms of lead poison- 
ing, and I shall of course discontinue the use of the water and repoTt 
later concerning results.^^ 

Marlborough, N. H., June 13, 1902. 
H, E. Barnard, Concord, N. H,: 

Dkab Sir, — With regard to laboratory No. 463 and No. 561, containing re- 
spectively .028 i>arts of lead per 100,000 and .013 parts of lead per 100,000, I 
would say that those using the water had slight symptoms of lead poison- 
ing, such as colicky pains. When they ceased to use the water, these symp- 
toms disappeared. 

Yours truly, 

W. H. ALDRICH, M. D. 

Maiiix)w, N. H., September 20, 1902. 
Mr, H. E, Barnard: 

Dear Sir, — Yours of September 17 received. I will give you what informa- 
tion I can and refer you to under whose direction we sent the water 

and who pronounced Mrs. G*s trouble lead poisoning. The water pipe had 
been down seventeen years, and no trouble was observed, so far as we know, 
until about five years ago Mrs. G began to be troubled with numbness and 
pain in the right hand. Several doctors were consulted and decided that she 
was suffering from nervous trouble and rheumatism. However, they failed 
to benefit her till Dr. C told her to stop using the water. Since then she has 

been much better. 

Yours respectfully, 

G. F. G. 

New Hampton, N. H., June 10, 1902. 
Prof, H. E. Barnard, Concord: 

Dear Sir, — ^Yours of recent date is at hand. I remember but one case of 
lead poisoning, and that a rather recent one, which seems to have its origin 
in leaded water. This was an aged woman who was afflicted with rheuma- 
tism, which made it difiicult to determine how much of her trouble was due 
to lead. She had had, some years before, what was diagnosed as lead poison- 
ing and treated accordingly, with recovery. While under my care she has 
had some colicky pains in the abdomen, with constipation, but no blue line 
upon the gums was discovered. She discontinued the use of the suspected 
water and the pains disappeared under treatment, but wrist drop, which 
was quite marked, persists. 

Yours very truly, 

ALBERT A. DOLLOFP, M. D. 
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In addition to the communications from physicians the following cases 
are of interest in showing what slight amounts of lead are necessary to 
produce lead poisoning: 

Case No. 122. Indications of lead poisoning; .24 parts of lead per 
100,000. No. 142. Marked case of lead poisoning. Total paralysis of 
lower limbs. Lead in urine. There were .21 parts of lead in the water 
per 100,000. No. 144. Case of lead poisoning; 1.1 parts of lead per 
100,000. No. 196. Paralysis, limbs below knees give out, liable to drop 
anything from hands, colic pains, no lead line; .16 parts of lead per 
100,000. No. 202. Lead poisoning; .16 parts of lead per 100,000 in the 
water. No. 225. Numbness and weakness of limbs below the knees; 
.055 parts of lead per 100,000. No. 240. Hands swollen and painful; 
.008 parts of lead per 100,000. No. 306. Hands and arms numb; .04 
parts of lead per 100,000 in the water used, — ^and so on through the list. 

Eeferring again to the summary of results of analyses, it appears that 
in seventy-four cases the result of the examination corresponds with the 
diagnosis of the physician or the fears of the consumer of the water. 
In forty-two cases lead was suspected but was not found, and in thirty- 
nine cases it was found where it was not suspected. 

In 117 cases where lead was present in quantities varying from .004 to 
3.3 parts per 100,000 in 64, or practically 55 per cent of the cases, marked 
symptoms of lead poisoning developed in the users of the water. 

Natural waters rarely contain lead, and probably never in a sufficient 
quantity to produce any evil eJBfects; but certain waters, both hard and 
Boft, containing very little or no alkaline carbonates, dissolve traces of the 
metal when conveyed through lead supply pipes. A careful and complete 
investigation of the effects of different waters on lead pipe has been 
recently carried out at the laboratories of the State Board of Health of 
Massachusetts, and their results show that in most cases the clear and 
practically colorless supplies containing the most free carbonic acid and 
a small or medium amount of mineral matters, as shown by the hardness 
of the water, are the ones which most actively attack lead. Certain min- 
eral matters, such as chlorine, silica, and calcium carbonate, prevent action 
not only by forming a coating on the pipes but by their simple presence 
in the waters. It will be seen by these investigations that the purer and 

softer a water the greater its solvent action on lead. 

« 

New Hampshire springs and surface or shallow well waters are excep- 
tionally pure in their original condition, carrying few solids and having 
a low hardness. They are thus more energetic in their action on lead 
than if of a lesser degree of purity, and while the user has the satisfac- 
tion of drinking sanitarially pure water he runs the greater chance of 
charging his system with lead. 

When lead pipe is in use great care should be taken that the water is 
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not allowed to stand in the pipes, but is delivered to the user in a oon-1 
fitantly flowing stream. If, however, it is impossible bo allow the' water 
to flow continuously, the pipes should he empfied before drawing water 
for use. 

In no case comini; under observation had the water stood in the pipes 
for any length of time, and all lead dissolved had been abstracted during 
the continuous passage of the water from its source to the tap or barrel 
from which it was drawn. If the water had stood in the pipes mnch 
greater amounts of lead would have been found. In cases which we have 
noticed, water on standing in pipes over night contained from two to 
twenty times as much lead as was found in the running water. In many 
observed cases of lead poisoning it has been found that the patient had 
been in the liabit of drawing off water in the morning for drinking without 
first taking the precaution of emptying the pipes of the water which had " 
been standing in them during the night. But even when the water ie 
running constantly, results obtained at our laboratory, and elsewhere, 
show that varj'ing amounts of lead will be dissolved, and may in time 
flo charge the system of the user that positive ill effects are observed. 

The amount of lead necessary to impair health cannot he determined 
definitely. The greatest variations are observed in individuals, and where 
in one ease a large quantity of lead will produce no apparent ill efEecte, 
in another ease the minutest quantities may in time cause lead poisoning. 

The fact that waters from lead service pipes have been in use for years 
with no resulting sickness in the user is no reason for supposing that 
there never will be trouble. The systems of those who drink it may not 
be responsive to small quantities, but if there is constant accumulation 
the danger hne may be reached and serious results follow. 

The problem of eradicating lead poisoning from this state is a most 
difficult one. The remedy would seem to be a substitution of the lead 
service pipes by other kinds of pipe which are not readily acted upon by 
the water. In many cases, however, the cost of changing from lead to 
suitable pipe is prohibitive, and the abandonment of the supply would 
mean a return to the sewage polluted well. It has been suggested that 
the addition of small quantities of lime to the water will prevent solution 
of tlie lead, and by forming an insoluble coating of carbonate of lime 
on the inside of the pipe, protect it from further attack. 

*lt is also stated that filtration through animal eliarcoal is a means of 
removing the greater portion of any lead suspended or dissolved in the 
water. Such filters must of necessity be renovated from time to time. 

In any case where lead pipe is used as a conveyer of water for drinking 
and domestic uses, the water should be examined, and if lead is found in 
any quantity the supply should he brought through some form of iron pipe 
or shut off entirely. 

• Ex;iiiiliiatlon ot Water. 1.1'ltmiin, prigp Ub. I 
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EXAMINATION OF WATER AND ICE. 

During the winter of 1901-1903 it seemed advisable to examine samples 
of ice taken from various supplies in tlie state. At the same time analy- 
ses were made of water taken from the same sources. In everj case the 
ice was of much better quality than the water from which it was formed, 
and in no instance was the ice unfit for use, although taken from water 
abnormally high in organic content. 

le^ from Black Brook, MaxweWs lee Field, Manchester. 
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Ice from NutPs Pond, L. B. Sodwell & Co.'s Ice Meld, Manchester. 
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let from Horseshoe Pond, Field of Concord Coal & let Co., Concord. 
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SPECIAL INQUIKIB8 CONCERNING WATER SUPPLIES. 

Special inquiries are constantly received at ihe office of the State Board 
of Health and at the Laboratory of Hygiene from individuals relative to 
their water supplies. These questions cover a great variety of conditions, 
and ask for advice as to how certain difficulties may be solved. One of 
the most common, perhaps, is from individuals who have sent specimens 
of well water to the laboratory for analysis, the result of which showed the 
water to be extensively contaminated by sewage from the adjactnt privy, 
sink drain, barnyard, etc., and it is asked, "What can be done to make 
the water all right? Will cleaning the well solve the problem?" 

Another question that is often presented, especially by owners of 
Springs, is, "What kind of pipe shall be used, either in reaching a new 
supply or as a substitute for lead pipe already in use?" 

Questions of varying character are frequently being presented to the 
board, and in all eases information and advice are given. The following 
correapondence is offered as an example, aa well as for general instruction: 

NORTHwooD, N. H., December 21, 1901. 
Irving A. Watson, M. D., Direelor Lahuratnry of Hygiene: 



of my well water 
quite pure, 
ind a great 



to have one of your 
.mination of the well 
of pollution. ^^ 

D. N. TELTOIT.^I 

eccmber 34, 1901. ^H 
it pollution, but Bl^* 



DEAB SlK,— The result of the 
of a surprise to me, as I supposed the supply wi 
A change of supply means much expense to m( 
besides much hard work. 

I desire to ask you what the expense will be 
honorable board come to this place and make 
an.d its surroundings, and it possible locate the 
. Awaiting your reply, I ara. 

Yours very respectfully, 

Laboratobt op Hygiene, 

CoNCOKD, K. H., December 34, 1901. 
D. y. TUton, Norlhieood, N. B. 

Deab SiK,— The analysis of your water showed no present polluti 
abnormal condition, which is doubtless due to seepage from priry, sink 
drain, or barnyard. 

Tills seepage may hare been goinp on for years until the earth around 
the well has become saturated. There is no way of improving the quality 
of the water. The conditions are such that a personal examination -would 
be of no value, since even if the cause of pollution were found and removed 
the quality of the water mig-ht not improve for years. 

Do not infer from my report that I consider the water injurious. It might 

be used for a long time without causing any trouble whatever, but the 

fact remains that there are always present conditions that render the water 

auspicious. 

We shall be pleased to render any further aid which may be of use to you. 

Very respectfully, 

H. E. BARNAItD, 



Saluos Falls, N. H., December 24, 1901. 
State Board of Health. Crnicord, N. H.: 

Gentlemen, — In reply to yours o* recent date, etating' that the water from 
m; well was polluted and cot fit to drink, I beg to ask you what we shall 
do to improve it, 
I Would a thoroug'h cleaning out ol the well and the addition of an air tube 

be liable to change the quality of the water? 
What causes the water to be polluted? 
I - Very respectfully, 

JOSEPH HILL. 

I Labobatobt of Hygisins, 

Concord, N. H., December 25, 1901. 
Mr. Joseph Hill, Salmon Falls: 

Deab SiB,^The analysis of the water from your well showed it to be 
grossly polluted by sewage, as shown by the very high chlorine, nitrate, 
nitrite, and albuminoid ammonia content. This pollution may be due to 
contamination by sink drain, privy, or cesspool; it is impossible to tell 
which. The ground laround the well is saturated by sewage which is con- 
I stantly leaching into the ground water which supplies the well. Even if 

I the conditions which are responsible for the pollution were found and re- 

I moved, the quality of the water would improTe very slowly, if at all. 

I I can advise no remedy which will improve the water, unless an examina- 

tion shows you that there is some direct connection between the well and 
the above-mentioned sources of pollution. If this is found to be the ease, a 
thorough cleaning of the well and a removal of the cause may effect a 
radical change in the quality of the water. 

I am of the opinion, however, that your best course is to close up the well 
and look to unpolluted sources for your water. 

We shall be very glad to be of further service to you in your search for 
pure water. 

Very respectfuliy, 

H. E. BAKNAED, 

Chemist. 
LiTEttiRY iifa Ti T UTi OW, NEW Hajliptoh, N. H., March 14, 1902. 
ifr, H. E. Barnard, Chemist, Concord, Jf.'H.: 

Mt Deab Bib, — Tour careful statement of water analysis is at hand. I 
am very thankful to you for your evidently painstaking quantitative work. 
I regret, however, to find that our water, which is otherwise so potable, 
has been found to contain lead in a considerable quantity. It would be a 
matter of quite large expense to replace the lead pipe with some safer one, 
and I would be glad to receive a further word from you before considering 
a plan for so doing. First, the water has been used by an earlier holder of 
the place for many years without injury. This is, of course, of no conse- 
quence in the present case. 

Now, further, the supply of water is sufficient to furnish a much mora 
rapid flow, all the year, than we have permitted. Would not a more rapid 
flow for the shorter distance largely reduce the apparent danger? Is not 
the amount of lead almost a minimum for water so carried? What pipe 
would you advise? Iron pipe rusts away here, and cannot be used. 

L i_J 
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I am sorry to trouble you farther, but am much disappointed and am in 

hopes a change of pipe may not be absolutely necessary. 

I am, sir, 

Yours very respectfully, 

HENRY W. BEOWN. 

Laboratory of Hygiene^ 

GoKCORD, N. H., March 21, 1902. 
Prof. B. W, Brown, New Hampton: 

Dear Sir, — ^Yours of the 14th inst. has remained unanswered because of a 
press of work. I trust this late reply will be satisfactory. 

While the amount of lead present in your water appears to be very small, 
the fact that the system generally refuses to throw it off makes even these 
slight quantities harmful and under the proper conditions might cause lead 
poisoning. 

Unless the water dissolves lead very rapidly, there should be but traces 
present in constantly running water, and if, as you say, a much more rapid 
flow can be obtained, your supply will probably be quite free under the new 
conditions. 

If you are contemplating putting in new pipe, I advise the use of cement- 
lined iron pipe if it can be obtained. There is a tarred iron pipe which also 
gives excellent satisfaction after the taste and odor of the tar have disap- 
peared. The one other pipe to be considered is the ordinary galvanized iron 
pipe, which is so generally used. There is no danger from zinc poisoning 
in its use, but in some soils it lasts but a few years. 

It remains for the pipe manufacturers to bring out a pipe which is safe and 
durable, but at present the only approach to that end is the above-men- 
tioned cement-lined pipe. 

Very respectfully, 

H. E. BARNARD, 

Chemist. 

SOMEtRSWOJRTH WATER- WORKS, COMMISSIONERS' OFFICE, 

SOMERSWORTH, N. H., April 30, 1902. 

Mr. H. E. Bamardy Chemist, Concord, N. H.: 

Dear Sir, — I take pleasure in writing you for information in regard to 
securing analyses of our city water. We are paying five dollars each time 
we have the water analyzed, and as it is examined each month the cost in a 
year is considerable. 

I write to you to inquire what it will cost to have the water analyzed at 
your laboratory at least once a month. 

Yours respectfully, 

P. D. O'CONNELL, 
Superintendent Water-Works, Somersworth, N. E, 

Laroratory of Hygiene, 

Concord, N. H., May 2, 1902. 
P. D, O^Connell, Superintendent Water-Works, Somersworth, N. H,: 

Dear Sir, — ^In answer to your letter of the 30th inst., it gives me gfreat 
pleasure to assure you of our willingness to examine your city water once 
each month without expense to you, except the express charges on the 
samples. 
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The laboratory was efitablished for the use of the people of the state, and 
we desire to make examinations of all the water supplies as rapidly and fre- 
quently as we can. 

We furnish our own collecting bottles, which are sent upon request, to- 
gether with full directions for sampling and shipping. 

Unless you think otherwise, it seems advisable to make the examination 
of your supply about the first of each month and, therefore, without word 
from you, I shall hereafter ship you a bottle for collecting the sample at 
that time. 

Please give me very full instructions and information concerning this first 
sample, for which I am shipping you a bottle today, that I may understand 
how complete an examination you desire and, as well, the location and 
surroundings of your supply. 

I prefer not to have samples shipped so late in the week that they will 
reach me on Saturday, as that makes it necessary for the analysis to be 
made on Sunday, at considerable inconvenience to me. 

Again assuring you of our desire to serve you and to aid you in securing 
for the people of Somersworth a pure and wholesome water supply, I am, 

Very respectfully yours, 

H. E. BARNARD, 

Oliemist. 

In a commimication received from James Ayer, secretary of the board 
of Health of Salem Depot, he outlines the plan of supplying the town 
with water from Canohie lake, and makes inquiry concerning the kind of 
supply pipe most suitable for use with water like sample No. 228. 

The reply from the Laboratory is as follows: 

Labobatort of Hygiene, 

Concord, N. H., July 28, 1902. 

James Ayer, Secretary Board of Health, Salem Depot, N, H.: 

Dear Sir, — In reply to your communication of July 28, 1902, concerning 
the kind of pipe most suitable for use with water like sample No. 228, I 
will advise you as follows: 

It is never safe to employ lead pipe as a carrier for water when the water 
is soft or contains organic matter, or when the solid or mineral matters are 
low. The water from Canobie lake is very soft; the solid contents are ex- 
ceptionally low; and the organic matter present is high. 

It would undoubtedly be unwise to use lead pipe in conveying this water. 
The use of galvanized iron pipe* vsdth water of this character is not to be 

♦What might appear to the uninformocl to be a discrepancy between Ihe statement 
made in Mr. Barnard's letter to Prof. Brown on the subject of galvanized iron pipe, and 
that expressed in this letter is readily explained from this point of view. In all new gal- 
vanized iron pipe for a short time after it is put in, the water has a foamy, frothy appear- 
ance, and is charged with fine particles of zinc from the inside surface of the pipe. This, 
in a short system with single pipe, like that contemplated by Prof. Brown, is rapidly re- 
moved, and the danger, if there is any, eliminated. In this case a proposed public water 
supply is under consideration, and with its long mains and extensive ramifications of 
smaller pipe there might possibly be some danger of zinc poisoning, in especially suscep- 
tible persons, from the relatively large quantity that would be delivered from the pipes, 
which condition would not be found in a short line that can be readily washed out. 

I. A. W. 
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advised, as there is some danger of zinc poisoning from the traces of zinc 
dissolved by the water. Plain iron pipe is perfectly safe. The only objec- 
tion to its use is its liability to rust. 

In the city of Concord, where the quality of the water is very similar to 
that of Canobie lake, a cement-lined pipe is employed in making connections 
vdth the mains. Thi^ is, in my opinion, the most durable and most desirable 
pipe made that is not too expensive for general use. The cementrlined pipe 
is not offered for sale, as it cannot be shipped because of its liability to 
breakage in transit. 

Machines for lining ordinary iron pipe with cement are for sale, however, 
and the pipe is easily and cheaply prepared at the place where it is to be 
laid. Tarred iron pipe can be procured which will prove durable and inex- 
pensive. The taste and odor" of the water conveyed through tarred pipe are 
not pleasant when the pipe is first laid, and might prejudice some against 
using the water. 

If lead or galvanized iron pipes are used, the quality of the water will be 
affected; if other kinds of pipe are laid the water will not be affected and 
the pipe but slightly, if at all. 

Trusting that I have answered your questions satisfactorily, and assur- 
ing you of our appreciation of the way you are looking after the water 

supplies of your town, I am, 

Yours very respectfully, 

H. E. BARNARD, 

CJhemisU 
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SOME DATA COFCERNTNG TFE PROPOSED CHLORINE MAP 
OF NEW HAMPSHIRE. 

In the course of a water analysis there are two points to be considered 
which are essential in revealing the true character of the water, — the 
qnantity of nitrogen present in its various forme, and the amonnt of 
chlorine. The nitrogen may exist as free and as albuminoid ammonia, 
which is subject to oxidation to nitrites and nitrates, thus changing it 
from organic life to inorganic matter, as salts of soda, lime, and potash. 
But the chlorine content ia constant. The stability of its salts fixes its 
presence, and once a constituent of a water supply it never disappears. 

The chlorine present in water is almost always due to the presence oi 
common salt, chloride of sodium, of which 60 per cent is chlorine, and 
the sources of chlorine are usually the sink drain, with its burden of 
salted water from domestic operations, the house drain with its chlorine 
containing excreta, and the stable drain with a slight chlorine content in 
comparison with the other two. Chlorine may also he derived from the 
commercial fertilizers so commonly used in farming operations. But 
chlorine is of itself not harmful. Its use to the chemist Is due to the 
fact that its presence reveals a past or present history of pollution by 
Bome form of sewage, and where sewage is the typhoid germ may be. 

•There are no data in this country sufficiently complete from which we 
can determine the amount of chlorine contributed to sewage by each in- 
habitant per day. Calculations based on observations in England indi- 
cate that the amount is approximately .045 pound per day per person; 
and, broadly speaking, we may say that four families, or twenty persons 
per square mile, will add, on an average, .01 of a part per 100,000 of 
chlorine to the water flowing from this area, and that a very much 
smaller population will have the same effect during seasons of low flow. 

It is well known that the best waters contain tracw of chlorine due to 
the fact that the winds blowing from o3 the\ocean bear inland salt-laden 
moisture, which is precipitated as rain. The amount present in a given 
locality is fairly constant, but is somewhat influenced by the direction 
and force of the winds, and the amount and distribution of the rainfalL 
However, a series of analyses of waters of known purity will establish a 
chlorine content which is, for all ordinary purposes, a constant. This 
is called the norma! chlorine. Whenever sewage finds access to water the 
amount of chlorine present exceeds the normal according to the per- 
centage of sewage in the supply. 

It is therefore of great importance to the water analyst that the normal 

chlorine for each water examined is known. With this knowledge at 

■ Keport Dt State Board of Health nt Massachusetts lor ISSQ, page BSO. 
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. hand it ia possible to determine whether chlorine present in a. supply is 
due to the infiueoce of the aea or to sewage. For eJiample, a water at 
Hampton may contain, under perfectly normal conditions, .C parts of 
chlorine per 100,000, while an equally pure supply at Hanover contains 
ibut .07 parts per 100,000. The chlorine content of the Hanover water 
ftjnay be increased nine times before it reaches the percentage of the Hamp- 
' ion supply, — -that is, a large amount of sewage may be introduced before 
its presence is manifested in the chlorine content unless tiie normal chlo- 
rine content for Hanover is known. 

We are making extensive investigations in order to determine the 
normal ehlorme for each town in the state. Through the boards of health 
we are collecting samples of surface waters and springs of known purity 
whose drainage areas are uninhabited and in no way liable to pollution. 
We collect three samples from each town, so that the results obtained may 
not be influenced by any unknown local conditions, and the analyses will 
he repeated at suitable intervals until absolute values are determined. 
It is also possible to make use of many of the regular water analyses where 
there is no evidence of pollution. 

During the past year we have determined the chlorine content of 
upward of 350 uncon laminated supplies, and from the results obtained 
have deduced the approximate normal chlorine content of the waters of 
sixty-seven towns. These figures are subject to revision as the various 
supplies are re-esamined, but the variation from the first resulta is 
Blight in most instances. 

Near the coast normal chlorine content changes very rapidly. In the 
town of North Hampton, water half a mile from the coast contains upward 
of 3 parts of chlorine per 100,000. One and a half miles from the 
coast the chlorine content has dropped to 1 part per 100,000, while five 
nailes from salt water the figure is .8 parts. 

The normal ehlorme of Stratham is .64 parts per 100,000, and that 
for the adjoining town of Newmarket is but .35 of a part, a drop of 
.3 parte in a few miles. The variations throughout Cheshire, Sullivan^ 
and Grafton counties do not amount to more than .05. Waters north of 
the White Mountains do not show any evidence of being influenced by 
the storms which occasionally sweep inland from the Atlantic, and their 
chlorine content is as low as can safely be determined. 

It is interesting to note that the great bay which flows inland from 
Portsmouth for twenty or more miles does not greatly change the chlo- 
rine content of adjacent waters, although deep well waters near Great hay 
and Exeter river frequently show increased chlorine. This is due to the 
mingling of the brackish waters of the river with the natural ground water 
supply. In the examination of supplies from Exeter excessively high 
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chlorine contents have been observed^ which could not have been due to 
any other cause. 

The work of making an accurate chlorine map inyolves prolonged study 
of the natural water supplies of the state^ but it is a matter of such great 
importance that it will be hastened as rapidly as possible. We are greatly 
indebted for the willing co-operation of the various boards of health who 
have aided us in collecting samples and in furnishing the necessary data^ 
and we trust that every person who assists us will do so conscientiously 
and willingly, fully understanding the part he is taking in making the 
chlorine map of New Hampshire. 



i 
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Owing to the great amouiit of water work constantly on hand, we have 
not attempted to make any systematic inspection of milk, and have con- 
fined our work in that direction to making corroborative analyses when 
called upon to do so by the milk inspectors of towns and cities. With 
few exceptions the milk supplies of the state do not receive the care and 
attention they require. But few of the cities and towns have appointed 
milk inspectors, as they are authorized to do, and consequently there is 
no way of regulating the quality of the milk sold. This neglect allows 
the unscrupulous dealer to practice systematic fraud upon his customers. 
Watered or skimmed milk, weakened and robbed of its fat and valuable 
qualities, is sold to furnish food to sick and nursing children; preserva- 
tives are largely used to keep milk spoiled by dirty and careless handling; 
coloring matters are employed to give the rich appearance of cream to the 
milk. With agents or milk inspectors in the cities and towns working in 
co-operation with the Laboratory of Hygiene, it would be possible to 
raise materially the standard of milk sold. 

The city of Manchester, after years of lax inspection, has given the 
board of health control of the inspection of milk, and the results achieved 
under the new management have been remarkable. The small dealers, 
retailers of two or three cans of milk a day, with no proper facilities for 
handling milk, have been driven out of the business, and a complete regis- 
tration of milkmen is kept and their stables inspected. A full account of 
their methods and the results reached is included in, this report. 

The State Laboratory of Hygiene has assisted their inspector in several 
court cases. All suspicious samples of milk, either poor in quality or 
treated with some preservative, are sent, under seal, to the laboratory, 
where a careful examination of the milk is made. If the results confirm 
those reached by the milk inspector action is at once brought against the 
dealer who sold the milk. 

Following is the summary of results obtained during the past year: 
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Formaldehyde wa9 fonnd to be present in aeyen oaies. 

ilr. E. E. Barnard. State Chemist, Concord, N. H.: 

At your suggeation I subroit the followiDg report upon the inapection of 
milk in the city of Manchester, for the year beginning September 1, 1901, 

The inspection of milk had been under the direction of the board of health 
for about two months at this time and was in good ruaniu^ order. A labor- 
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atory had been fitted up in the office and apparatus for making milk tests 
and analyses had been procured. The record books of the previous milk in- 
spectors had been turned over to us, and all dealers in milk, skim-milk, and 
cream (including stores) who were not already licensed were compelled to 
obtain one. 

A great many were found who had not paid the license fee for several 
years, and when called upon by the inspectors to produce their license dis- 
played one long since expired. Many people who keep but one cow and 
have only a few customers complain because they are obliged to pay as 
large a fee as those who sell hundreds of quarts a day. Several persons 
were made to pay who had bought out some licensed dealer, and who had 
taken it for granted that they had purchased the license also. The board 
was obliged to use strenuous language in the newspapers and in other ways 
to make some of the dealers comply with the law. 

Two hundred nineteen licenses have been granted by this board since 
June 1, 1902, and we feel sure that no milk is sold in the city at the present 
time by any but licensed dealers. This part of the work is done by the 
office clerk, and many dealers have expressed their gratification at being able 
to come to an office where, during certain hours, they are sure to find some 
one with whom they can transact their business. 

From the beginning we have made it a rule that no figures found in the 
analysis of milk should be given out. If a sample of milk is found to be 
below the legal standard the dealer is notified of the fact, but if it proves 
to be all right he understands that no report is necessary. We have made 
it a practice to test all samples of milk which are left at the office, either by 
citizens, milk dealers, or milk raisers. This has been a great help to the 
milk dealers in keeping up the quality of their milk, and the result has been 
that some of the raisers have disposed of their poor cows. 

When a dealer or raiser leaves milk to be tested we make out the report 
and designate the quality of the milk by such terms as, excellent milk, 
good milk, fair, and below standard in butter fats, or below standard in 
solids. We believe this has saved us a great deal of fault-finding, and is 
jus£ as good for the milk trade as figures, which are not generally understood. 
One thousand four hundred fifty-three samples of milk, skim-milk, and 
cream were collected and tested during the year beginning September 1, 
1901. Fifty-three samples were found below the standard in butter fats and 
total solids. 

One hundred eight samples of milk, taken in September, 1901, averaged 4.04 
per cent of butter fat, and 12.29 per cent total solids. Six samples were 
below the legal standard in butter fat and total solids. 

Six hundred thirty-six samples of milk collected in October, November, and 
December, 1901, and January, February, and March, 1902, averaged 4.11 per 
cent of butter fat and 12.83 per cent total solids. Thirty-four samples were 
below the legal standard in butter fat and total solids. 

Six hundred fifty-six samples of milk taken in April, May, June, July, and 
August, 1902, tested an average of 3.87 per cent of butter fat, and 12.34 per 
cent total solids. Thirteen samples were below the legal standard in butter 
fat and total solids. 

Twenty-three samples/ of cream were collected and analyzed, the average 
per cent of butter fat being 29.25. Several samples were tested for the vol- 
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atile acid fats by the Reichert-Wollny method and a high number was 
obtained. The specific gravity of the butter fat was also ascertained. Nine- 
teen samples of skim-milk tested an average of .48 per cent butter fat and 
a specific gravity of 1.0334. Some of the skim-milk samples I tested for the 
specific gravity of the milk serum. 

Several samples of milk were tested for butter fat by the Adams method, 
and the results corresponded very closely with the Babcock method. The 
total solids given were estimated by means of the specific gravity of the milk 
and the amount of butter fat. Seventeen samples were dried out to g^t the 
total solids, and they generally corresponded very closely with the esti- 
mated results. Nearly all of the samples of milk which were found to 
be below the standard for butter fat and solids, I tested for the specific 
gravity of the milk serum, and in several instances found milk which was 
undoubtedly watered. These I followed up by having the dealers obtain 
samples from each cow, and proved this to be the case. Such dealers were 
warned that they were responsible for this milk even if they did not raise it. 

About the middle of May, 1902, I began to make tests for the acidity in 
the milk, using the Mann volumetric method of analysis. This was done 
for several reasons, chiefiy to give us some idea of the condition of the milk 
which was being delivered to the public, and also to detect preservatives in 
the milk, as a high percentage of acidity, without any sour taste or smell, 
would indicate that some boric acid or similar preservative was used, and a 
low percentage of acidity would give us reason to believe that sodium was 
present. 

Four hundred forty-three samples of milk were tested for acidity, -with an 
average of .168 per cent. This we consider to be an excellent showing, and 
it speaks well for the raisers^ and dealers in milk in this vicinity, showing 
that great care is exercised in cleaning the cans and utensils used in putting 
up the milk. 

The first prosecution for violation of the law occurred in August, 1901, a 
sample of milk numbered 16 being purchased by Inspector J. F. Looney 
on August 11. This sample was tested by yV* K- Robbins, of the local board, 
and by the state chemist, Mr. H. E. Barnard, and was found to contain for- 
maldehyde, used as a preservative. 

This case was placed in the hands of Chief of Police M. J. Healy, and the 
dealer was summoned before the police court, waived examination, and was 
bound over to the September term of the superior court. The grand jury 
returned an indictment and sentence was imposed. 

Four other dealers have been prosecuted during the year, with similar 
results, and one case is still pending. 

The progress made during this first year of milk inspection has been very 
satisfactory, and the success has been due in a great measure to the assist- 
ance of Mr. W. K. Robbins of this board, a chemist by profession, who has 
given valuable instruction in the laboratory work. 

Respectfully submitted. 

C. 0. SEAMAN, 

Milk Inspector, 
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Office of Inspbctob of Milk, Cftt Haix, 

Nabhua, N. H., March 24, 1902. 
Mr. F. E. Barnard: 

Dkab Sib, — ^In the accompansring box is a sample of milk taken from a 
herd of cows Saturday morning, then cooled and sold in the city the same 
day. As you will see, it is ropy and decidedly abnormal. This dealer has had 
similar trouble with his milk for about a week, perhaps fifty of his customers 
complaining about it today. 

Another dealer living ten miles from the first has also had trouble. Very 
likely there are others that I have not found out. 

Now have you at hand the means of finding out the cause of the trouble? 
And can you suggest remedies? I take it that the change is produced by 
organisms which cause a fermentation. Am I correct in this? 

The dealer who has had the most trouble is a clean, careful young man. 
Any suggestion on this matter will be gratefully received. 

Yours truly, 

CHARLES H. NOTES. 

Labobatoby op Hygiene, 

CONCOBD, N. H., March 25, 1902. 
Prof, G, H, NoyeSf Nashua^ N. H,: 

Deab Sib, — ^Your sample of milk with inclosed note received. 

Stringy milk may be produced by the rapid growth of a certain bacillus, 
especially in hot, moist weather, or may be due to the systematic condition 
of the cow. I believe veterinarians claim it is due to a specific disease, and 
in your cases the cows should be treated or inspected by some competent 
person, who will recognize the trouble and will be able to cope with it. 

An examination of the milk gives a total solid content of 17.41 per cent, 
which is far above the normal, and an examination under the microscope 
shows several classes of bacteria to be present in great numbers. The trouble 
in this case is not due to uncleanliness, but to the condition of the cows, 
and while the milk continues thick and stringy it should not be used. 

Ordinarily the duration of the disease is short, but in some cases the cows 
do not recover. I can only advise inspection of the herds by a veterinarian, 
as the best and safest course to pursue. 

Very respectfully, 

H. E. BARNARD, 

Chemist. 
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NOTES ON THE DETECTION OF FORMALDEHYDE IN ] 

Of all the fooda and drinks of man there is perhaps none which ia l 
important than perfectly piire, clean, and healthful milk, and to securo 
it should be the subject of earnest care. 

It is well known that milk imdergoes a number of chemical changes in 
its constitution some hours after milkirig. It becomes sour, owing ia the 
decomposition of the milk sugar, the casein separates, and finally pntre- 
factive decomposition begins. These changes are evidenced by the pres- 
ence in milk of bacteria, which, for the most part, do not generate dis- 
eases, but which may be and often are accompanied by harmful bacteria 
that obtain access to the milk from the body of the animal, from the air, 
from the water used in washing the cans, from the hands, clothing, and 
person of the milker, and the like. Even when collected with precaution, 
the careless distribution of milk from cart or store may result in its con- 
tamination with disease-producing bacteria. 

The importance of a method, or methods, of protecting milk from these 
minute forma of life, which may cause so much damage, or of rendering 
them harmless, is evident. Several methods have been adopted to secure 
this end. The moat important are pasteurization and sterilization. The 
simple pasteurization of milk is useful, provided the milk is immediately 
cooled, and used within twenty-four hours. But careful sterilization is 
the most effective method of preserving milk. Thorough cleanliness in 
the stable and dairy, tbe use oi sterilized instruments for the collection 
of the milk, and careful and scientific handling of the product at every 
step between the cow and the consumer will be most effective in prevent- 
ing the entrance of bacteria and consequnt souring of the milk. 

A third method of preserving milk is by the use of chemicals which 
either neutrahze the acidity of the milk or retard the growth of bacteria. 
However, preservation by chemical means is neither satisfactory nor advis- 
able. The agents employed are injurious to health even in small quan- 
tities, if taken continuously. 

The temptation to the unscrupulous dairyman or milk vender to cover 
his lack of cleanliness and proper subsequent care by the use of chemical 
preservatives is great. Many preparations have been advocated for this 
purpose, including bicarbonate of soda, and boric and aahcyhc acid. 
Within the last decade an aldehyde, known as formic aldehyde, methanal, 
methyl aldehyde, formaldehyde, etc., of the formula (H C H 0), of val- 
uable germicidal and antiseptic powers, has been brought into promi- 
nence and largely employed in the preservation of milk and other foods. 

For ordinary uses formaldehyde appears on the market as an aqueous 
solution from 33 to 40 per cent strength, under the trade name of 
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Formalin. As a milk preservative it is also sold under various misleading 
names, as Freesine, Preservaline, Formol, Freezaline, Anti-Sour, etc. 
These preparations are sold in weak solutions, in some instances not con- 
taining more than 2^ per cent formaldehyde, and are accompanied by 
the most engaging claims for usefulness. 

There are unquestionably many milk dealers who are honest and who^ 
serve honest milk and who are so cleanly in their methods of handling 
their product that they do not have to rely upon the aid of formaldehyde 
or other preservatives. On the other hand, it is sadly true that in many 
communities there are dealers who, through ignorance or unscrupulous- 
ness, do add foreign and deleterious substances to their milk. It is well 
that such conditions are met by legislation, and that the selling of milk 
containing preservatives is a violation of the laws of the state. But since 
the adulteration exists and the only remedy is prosecution, there must be 
methods for the detection of the adulterants. Fortunately the detection 
of formaldehyde in milk is comparatively easy for one who has had some 
laboratory experience. 

Quite a number of methods for the detection of formaldehyde in milk 
are in use, and while it is not our object to review all of them, it may be 
helpful if we give briefly some of the simple tests: 

1. Hehneb's Test. 

This method depends upon the fact that when milk containing formal- 
dehyde is mixed with sulphuric acid containing a trace of ferric salt a blue 
color appears. 

Place 6 cc. milk in a test tube and dilute with an equal volume of water. 
Carefully pour down the sides of the test tube strong sulphuric acid con- 
taining a trace of ferric chlorid, so as to form a layer of acid below the 
milk. If formaldehyde is present a violet ring is formed at the junction 
of the two liquids. One part in 100,000 may be detected. 

Caution, The acid used should be of 1.81-1.83 specific gravity, and 
must contain a trace of ferric salt. 

The charring due to the action of the acid on the milk must not be mis- 
taken for the color reaction. 

2. Hydbochlohio Aoid Test. 

Hydrochloric acid containing a small amount of ferric chlorid gives a 
characteristic violet with quantities of formaldehyde not over one part 
to 1,000. 

The test is applied by heating 1 cc. of the sample in a test tube with 
4 cc. of strong hydrochloric acid containing a trace of ferric chlorid. A 
purple color appears, varying from a delicate tint to a deep violet, if for- 
maldehyde is present. 

10 



146 STATE BOARD OF HEALTH. 

Caution, If a yellow color appears, repeat the test, using milk that 
has been diluted, 1 to 10, with water. 

3. Lebbin^s Test. 

Boil a few cc. of the sample with .05 grams resorcinol, to which half, or 
an equal volume, of a 50 per cent solution of sodium hydroxide is added. 
If formaldehyde is present, the yellow solution changes to a fine red color. 
This color becomes more apparent on standing. 

4. The Deniqb Test. 

This test depends on the reaction of SchifFs reagent with formaldehyde. 
The following solution must be prepared: 

40 cc. of i per cent solution of fuchsine. 

250 cc. distilled water. 

10 cc. of sodium bi-sulfite of 1.375 specific gravity. 

10 cc. pure sulphuric acid. 

Add 1 cc. of the above solution to 10 cc. of the suspected milk and let 
it stand for five minutes. Then add 2 cc. of pure hydrochloric acid and 
shake. A violet color will appear in the presence of formaldehyde; a 
yellowish white color in its absence. 

5. Jorissen^s Test. 

Several drops of a 10 per cent aqueous solution of phloroglucinol are 
added to 10 cc. of the suspected milk in a test tube, well shaken, and a 
few drops of caustic potash (or caustic soda) added. If formaldehyde is 
present a delicate red color appears. 

This test is very easily applied and gives excellent results. One part of 
formaldehyde in 100,000 can be detected. 

In some cases formaldehyde may be detected by its characteristic odor 
when the milk is warmed. Hehner has observed that formaldehyde dis- 
appears from milk on standing. He found that one part in 100,000 could 
not be detected after one week; one part in 50,*000 after two weeks; and 
one part in 25,000 after three weeks. 

There may be errors in special cases by any one given method, and it is 
advisable, when a positive reaction is obtained, to confirm it by employing 
at least one other method, and preferably more. 



\ 
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In 1890 a bill was before the legislatiire for the establishment of a 
laboratory of hygiene, to be under the management of the State Board of 
Health. This measure was favorably reported upon by the committee on 
public health, and subsequently referred to the committee on appropri- 
ations. After a hearing on the subject the committee reported that, while 
they believed that a laboratory of hygiene would be of public benefit, 
owing to the amount of money already appropriated for other purposes 
they deemed it best to refer the matter to the next legislature, which was 
done. 

In 1901 the matter was again taken up, favorably recommended by the 
committees on public health and appropriations, and became a law without 
any opposition to speak of. 

The bill was as follows: 

Ak Act ax> Establish ▲ Labobatoby of Hygibsne. 

Be it Enacted by the Senate amd House of Representatives in Generai Court Cor^ 

vened: 

Section 1. The State Board of Health is authorized to establish and equip 
a laboratory with the proper and necessary apparatus, utensils, find instru- 
ments for the chemical and bacteriological examination of water supplies, 
milk, food products, drugs, etc., and the investigation of cases and suspected 
cases of diphtheria, typhoid fever, tuberculosis, pneumonia, malaria, glan- 
ders, and other infectious and contagious diseases. 

Sect. 2. The said board shall employ a chemist, and shaU, as far as prac- 
ticable, make investigations and analyses of public water supplies, and of 
foods and drinks offered for sale in our markets, and shall conduct investi- 
gations along these lines, with a view to discovering adulterated and fraudu- 
lent products, and shall enforce the law relative to the same, as provided for 
in chapter 269 of the Public Statutes. 

Sect. 3. The board shall also provide for the bacteriological examination 
of cases and suspected cases of diphtheria, typhoid fever, tuberculosis, glan- 
ders, and such other diseases as it may deem necessary, including any dis- 
eased condition that may be found in slaughtered animals, and in cases of 
infectious diseases shall report its findings immediately, by telegraph or 
telephone, to the physician requesting the same. 

Sect. 4. The State Board of Health may publish quarterly in a buUetin 
the results of the analytical work done in said laboratory, naming fraudu- 
lent and adulterated articles of food found on sale in this state, together 

149 
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with such other information relating to sanitary matters as it may deem ad- 
visable, and the said board shall conduct its investigations along such lines 
as it may deem to be for the greatest public utility. It shall make special 
investigations into the character and quality of the water supplies of any 
locality in the state when requested by any board of water commissioners, 
board of health, or by consumers. 

Sect. 5. All investigations conducted in the said laboratory shall be free 
to the people of this stat«. 

Sect. 6. The sum of two thousand dollars is hereby appropriated for the 
purpose of .procuring the proper and necessary apparatus, utensils, and in- 
struments for the equipment of such laboratory, and the sum of five thousand 
dollars, or as much thereof as may be needed, is hereby appropriated for each 
of the years 1901 and 1902 to pay the necessary expenses of said laboratory, 
the purchase of supplies, and such other incidentals as may be required, 
which sums shall be expended under the supervision find direction of the 
State Board of Health, and all expenditures shall be audited by the governor 
and council. 

Sect. 7. This act shall take effect upon its passage. 

[Approved February 20, 1901.] 

A few months after the passage of this bill, suitable rooms had been 
secured in a block in the city of Concord, and duly equipped as far as possi- 
ble under the appropriation made for that specific purpose, and work was 
commenced in May, 1901. 

The secretary of the State Board of Health was made director of the 
laboratory, Mr. H. E. Barnard was appointed chemist, and Drs. Howard 
N. Kingsford of Hanover and Arthur K. Day of Concord, bacteriologists. 

It was thought best to establish two bacteriological departments in 
different sections of the state, for the convenience of physicians in obtain- 
ing immediate reports upon specimens sent, particularly in diphtheria 
cases, and therefore the board established two laboratories,— one at Han- 
over, in charge of Dr. Kingsford, and the other at Concord, in charge of 
Dr. Day. The physicians of the state were instructed that specimens for 
bacteriological examinations might be sent to either place, as was most 
ccinvenient. It was decided that all work in chemical analysis should be 
done at the Concord laboratory. 

CHEMICAL DEPAKTMENT. 

This department, as noted above, was placed in charge of Mr. H. E. 
Barnard, B. S., a native of Xew Hampshire and a chemist of repute, who 
resigned a government position which required the most accurate analytical 
work to accept the position tendered. 

The laboratory was fairly well equipped with apparatus for the most 
needed lines of work, particularly for the analysis of water. While the 
greatest amount of work has been done in the examination of water sup- 
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plies, considerable has also been accomplished in other directions. The 
analysis of public and private water supplies has been carried on to an 
extent that has accomplished most excellent results. The work of Mr. 
Baniard has been shown very fully in the articles on "Examination of 
Water Supplies/^ "Water Supplies of Cities and Towns/^ "Lead Poison- 
ing/^ etc., as will be seen by an examination of most of the preceding 
matter in this report. One need only to study that part of the report to 
be convinced of the importance of the work done in the chemical depart- 
ment of the laboratory during its first year of existence. 

BAOTEBIOLOGICAL DEPARTMENT. 

Work in this department is practically limited to bacteriological exam- 
inations for the investigation of suspected cases of tuberculosis, diphtheria, 
typhoid fever, glanders, etc., and for the determination of micro-organ- 
isms in drinking water, milk, cream, butter, etc., and for diseased condi- 
tions found in slaughtered animals. It is not intended at present to 
undertake the examination of pathological products outside of those men- 
tioned. Blood counts, urinary analyses, the examination of stomach and 
other organs in cases of suspected criminal poisoning, cannot be under- 
taken at the laboratory under present conditions. Matters pertaining 
more directly to public health questions, as well as the fact that our equip- 
ment is not sufficient for the latter-named work, preclude examinations 
of this kind. In the following pages will be given briefly an account of 
work done in the bacteriological department. 
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TUBEECULOSIS— EXAMTSTATION OF SPUTA. 

It is of vital importance for the successful treatment of tuberculosis 
that the disease be positively recognized and determined in its earliest 
stages. It has been demonstrated beyond all reasonable controversy, that 
a very large proportion of cases of tuberculosis might be cured were they 
discovered in their incipiency and proper treatment given. Not infre- 
quently is it impossible to diagnose a suspected case until the bacillus 
of the disease has been discovered, or excluded by repeated bacteriological 
examinations. 

OuxriTS. — For the purpose of making the laboratory as available to 
the physicians of the state as possible, outfits for the collection of samples 
of sputum were placed in one or more drugstores in all the cities and 
most of the towns of the state. In some instances, where there were no 
drugstores, outfits were sent direct to the local physician, the object being 
to place these outfits so that they would be readily accessible at any time. 

The outfit first sent out for the collection of sputum consisted of a 
small glass jar, encased in a wooden shipping tube, already labelled for 
shipment to the laboratory. Later, it was thought advisable to test the 
practical utility of the wooden (Harf s) sputum box, which was coated on 
the inside with asphaltum paint, so as to make it impervious, and inclosed 
in a pasteboard shipping box, with printed address, so that the whole 
combination might be of the greatest possible convenience in practical use. 
We have found these boxes to be unsatisfactory, for the reason that they 
crack so that there are numerous little fissures, allowing the sputum 
to pass through the bottom or top of the box. Even with subsequent 
recoating some difficulties of the same kind were met with. It is 
believed that most of the boxes distributed throughout the state, by 
reason of having been recoated (some of them two or three times) at the 
laboratory, are all risrht for the intended purpose. Their use, however, 
will be discontinued after the exhaustion of the present lot, and the little 
glass sputum jar first sent out again used. 

Each outfit is accompanied with a blank for the purpose of obtaining 
as much data as possible relating to the cases. The following is a copy: 

TUBERCULOSIS. 



Specimen for Examination. 



Doctor*s name 

City or town 

Patient's name 

Age Sex, 
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Occupatioii 

Number of specimen: 1st, 2d, 3d 

Sputum — ^When was specimen discharged? 

Duration of disease 

Are there any other cases in same household? 

If so, how many? 

Clinical diagnosis 

Retdkn Thib Blank, Fiixed Out, with thei Specimen. 

All charges for transmission must be paid by the party sending the speci- 
men; (and also telegraph or telephone charges in reporting results. Report 
will be sent by mail, as soon as possible, unless otherwise ordered. 

Send Specimen to Concord or Hanover, as may be most convenient. 

Received 

Incubator 

Result 

Reported 

Mail, Telephone, Telegraph. 

Upon the reverse side of the above blank is the following: 
Remarks: . — . 



New Hampshibe State Board op Health. 
Laboratory of Hygiene. 



DIREdTIONS FOR COIXEOTING AND SENDING- SPTJTUM. 

The expectoration discharged in the morning is preferred. 

Have the patient wash out the mouth and throat with pure water early in 
the morning, and then cough up the sputum from the lower air passages. 

Care should be taken that the contents of the stomach, articles of food, 
etc., are not discharged during the act of expectoration and collected in- 
stead of ordinary sputum. Purulent, cheesy, and muco-purulent sputum 
most frequently contain the bacilli; pure mucous, blood, or saliva do not as 
a rule contain the bacilli. 

If the expectoration is scanty, the entire amount discharged in twenty- 
four hours should be collected. 

The sputum should not be kept, but forwarded in as fresh a condition as 
possible. I ^4it4(Arif^ 

Sputum must be sent in jars furnished for the purpose by the State Board 
of ^Health, and must not be sent by mail. 



164 STATE BOARD OF HEALTH. 

Arrangements have been made with the express companies to make 
a special deliver}^ of specimens sent to the laboratory, so that there may 
be no delay in obtaining results. Sputum is examined, as a rule, on the 
following morning after its receipt, and the physician sending same noti- 
fied of results on the following blank form: 

Laboratory No 

LABORATORY OF HYGIENE, 

New Hampshire State Board of HeaI/TH. 

Bactteriological Department. 



. : N. H., 190, 

Dr 



Dear Sir: 

The examination of the sputum from 

received on 

shows does not show the presence of 

tubercle bacilli. 

The result is not reported as negative in any case until after a thorough 
examination of the specimen submitted. The positive results are expressed 
as feiOy moderate numhery or numerous tubercle bacilli. 

Few signifies that the bacilli are not present in every field, but only one 
or more are to be found in the entire preparation or preparations. 

^Moderate number signifies that the bacilli are present in every field, but 
that each field contains less than five. 

Numerous signifies that the bacilli are present in every field, and that each 
field contains more than five bacilli. 

If the result of the examination is negative it is not to be assumed that 
the case is not one of pulmonary tuberculosis, for frequently in this disease 
tubercle bacilli are at times absent from the sputum, and the disease can 
only be probably excluded if repeated examination of the sputum fail to show 
the presence of bacilli. If the first examination in a case is negative, other 
specimens should be sent for examination. 

The demonstration of the presence of tubercle bacilli in the sputum proves 
conclusively the existence of tuberculosis, but the absence of tubercle bacilli 
or the failure to find them microscopically does not exclude the existence of 
the disease. 

M. D., 

Bacteriologist 
Irving A. Watson, M. D., 

Director of Laboratory. 

SPECIMENS OF SPUTUM EXAMINED. 

Up to the first of October, 1902, 1,158 specimens had been examined 
in cases of suspected tuberculosis, with results which are given in detail 
in the following table: 
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Specimens of Sputwn Examined. — Continiied. 
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It will be seen by the above table that aputura was sent from ninety- 
eeven cities and towns in the state. Examinations were made in a total 
of 957 cases, or different individuals, while the total number of bacteri- 
ological examinations was 1,158. Of the 957 different eases 368 showed 
the presence of the tubercle bacilli, 586 negative results, and 3 doubtful. 

The ages of persons from whom sputum was received were as follows: 

Between 1 and 10, gS; between 10 and 20, 99; between 20 and 30, 283; 
between 30 and 40, 309; between 40 and 50, 111; between 50 and 60, 
65; between 60 and 70, 53; between 70 and 80, 12; between 80 and 90, 1; 
and in 99 instances the age was not given. 

Sex was as follows: Males, 438; females, 496; sex not stated, 29. 

INTHHPHBTATION OF BACTEEIOLOOIOAL EXAMINATIONS. 

Positive Ee81jlt8. — It is to be presumed that, in all cases where 
sputum has been sent to the laboratory for bacteriological examination, 
there exists in the mind of the attending physician a suspicion of tuber- 
euloais, otherwise he would not go to the trouble of obtaining and send- 
ing a sample of sputum to the laboratory; so it may be safely assumed 
that when the tubercle bacilli are found in such specimens the person is 
suffering from the disease. Very rarely a few bacilli may perhaps be 
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found in the moutliB of healthy persons; but examinations from such 
patients are not likely to be made except, possibly, in the instance of 
other persons, where there is a case of tuberculosis in the family, and 
even then rarely done, so that the presumption that the person from 
whose sputum the tubercle bacilli are obtained has tuberculosis. It is 
therefore reasonably safe to presume that the 368 persons in which the 
tubercle bacilli were found had some form of tuberculosis. 

Negative Results. — A single negative result does not prove that 
the tubercle bacilli do not exist in that case, and should not be con- 
sidered of any importance to the physician; in fact, should several suc- 
cessive negative results be obtained, proof would still be lacking that the 
patient might not be infected with the disease, and especially should such 
results be considered as valueless in the event that there are present in the 
person some clinical evidences of tuberculosis. 

Negative results may be obtained under several conditions in cases 
where the disease exists, especially when it is present in a chronic form, or 
is of that type known as miliary tuberculosis. 

Among the other causes for such results may be mentioned an improper 
collection of the sputum; the entire absence of the bacilli in the sputum, 
a result often obtained in cases where there is very little or no breaking 
down of the lung tissue so as to allow the escape of the bacilli into the 
sputum; and, furthermore, the bacilli might be present in very small 
nmnbers and escape observation under the microscope. Whgre there is 
strong clinical evidence of tuberculosis, a single negative result should 
never change the opinion of the attending physician. Successive exam- 
inations should be made from time to time, weekly or monthly, as may 
be deemed best, until there is a reasonable certainty in the case, although 
no number of negative results should be permitted to counterbalance in 
anv manner well defined clinical indications of the disease. 



158 STATE BOARD OF HEALTH. 

DTPHTHEEIA.— BACTEEIOLOGICAL WOEK. 

Outfits. — A careful consideration was given to the subject of outfits 
for the collection of specimens in suspected cases of diphtheria. Two 
methods were found to be in use, — one in which two tubes were used, 
one containing serum for the growth of the diphtheria bacilli, and the 
other a swab, and in some instances two swabs, for the purpose of entrap- 
ping the bacilli, and then smearing upon the serum in the other tube. 
In situations in which this method can be constantly supervised and fresh 
serum tubes substituted for those which become dried, the system is prob- 
ably the best in existence. The difficulties, however, are so great, by 
reason of the drying of the serum where these outfits are placed on de- 
posit and not used for some time, that it would seem to be almost imprac- 
ticable for general state use. 

The outfit which was decided upon for our own use, and which is also 
used with gratifying success in some other states, consists of a single 
glass tube in which is placed a wire about four inches in length, with cot- 
ton SAvab on the end, the tube plugged with absorbent cotton and closed 
with rubber cap, all of which is sterilized before being sent out. This 
tube is placed in a cylindrical wooden screw-cap tube, with directions 
for taking the specimen, blank upon which to report case, and a piece of 
gummed paper for the purpose of sealing the case after the specimen 
has been collected, and the tube replaced. On the outside of the cylindri- 
cal wooden shipping case above mentioned is pasted a shipping label, all 
specimens being sent by express or messenger. When the outfit is sent 
out from the laboratory, all complete as above described, it is inclosed in 
a wrapper upon which is the following: 

DIPHTHERIA OUTFIT. 
Fbom N. H. I/AB0!BAtobt of Hygiene. 

NoTic?E. — The test tube, swab, etc., in this outfit have been carefuUy steri- 
lized, and should not be uncapped until the physician is ready to take the 
specimen from the patient's throat. 

The inclosed directions must be followed explicitly. Remove this outer 
wrapper before attempting to open. 

The specimen must be sent by express or messenger (not by mail) to the 
laboratory either at Concord or Hanover, as may be most convenient. 

It will be seen that special efforts are made to put up the entire outfit in 
such a manner as to insure its delivery to the physician intact, and with 
such explicit directions that no mistake shall be made. 

Blank. — The blank which is inclosed with the outfit asks for a certain 
amount of information concerning the case, and also gives directions for 
taking the specimen, as will be seen: 
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DIPHTHERIA. 



Specimen for Examination. 



THIS BLANK MUST BE FIIXED IN EVERT CASE. 

Doctor's name 

City or town _. 

Patient's name 

Besidence. Age Sex. 

No. of specimen: 1st, 2d, 3d, 4th, 5th, 6th, 7th 

Date of earliest symptoms Date culture taken 

How contracted 

Location of membrane 

Was an antiseptio applied to throat within two hours? 



No. in family? Adults Children. 

Clinical diagnosis 



Return This Blank, Filled Out, with this Specimen. 

All charges for transmission must be paid by the party sending the speci- 
men; and also telegraph or telephone charges in reporting results. Shall 
report be sent by mail, telegraph, or telephone? 

Send Specimen to Concord or Hanover, as may be most convenient. 

Received ( 

Incubator 

Result 

Reported 

Mail, Telephone, Telegraph. 
Remarks: 



New Hampshirb State Boari> of Health. 
Laboratory op Htgienb. 



DIRECmONS FOR TAKING SPECIMENS. 



The patient should be placed in a good light, and, if a child, held properly. 
In cases where it is possible to get a good view of the throat, depress the 
tongue and rub the cotton swab gently, Imt freely, against any visible exu- 
date, revolving the wire between the fingers, so as to bring all portions of the 
swab in contact with the mucous membrane or exudate. Ini other cases, 
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including those in which the exudate is confined to the larynx, (woiding the 
tongue, pass the swab back as far as possible, and rub it freely as described 
above against the mucous membrane of the pharynx and tonsils. Then 
carefully replace the swab in tube, plug with the cotton, cover with rub- 
ber cap in the same manner as it was originally, wrap this blank (after be- 
ing carefully filled out) around the tube, place in wooden case, screw to- 
gether firmly, seal with the small strip of adhesive paper, and forward by 
express, prepaid, as per label, either to Concord or to Hanover, as may be 
most convenient. 

Unsatisfactory cultures, exhibiting insufficient growth or contamination 
by foreign bacteria, usually result from failure to follow carefully the above 
directions. A report vdll be forwarded as soon as possible by mail, tele- 
gfraph, or telephone. 

Keason for Certain Questions. — Occasionally some physicians have 
sent the blank accompanying the specimen to the laboratory without 
having properly filled the same. In all cases such blanks will be returned 
for correction. The laboratory asks for the data for the purpose of com- 
piling certain facts in connection with the work, such as are revealed in the 
accompanying table. It will be readily seen that, as an illustration of the 
point which we wish to make, if the patient's name is not given it will be 
impossible to identify the case in preparing tables, and likewise the number 
of the examination. 

Certain other questions are for practical sanitary reasons, even though 
the object may not be apparent to every person. The facts given in an 
individual case might be as such valueless, but when taken in connection 
with all other cases important deductions can be made, and this is why 
it is insisted that the blanks sent out in couDection with bacteriological 
examinations for suspected cases of tuberculosis, diphtheria, typhoid fever, 
malaria, etc., shall be filled. 

Examination of Specimens. — Arrangements have been made with 
the American Express Company by which all specimens received up to 
9 o'clock p. M. will be delivered the same evening, so that they may be 
placed at once in the incubator to remain over night for examination the 
following morning. 

The usual process is to uncap the tube immediately, take out the swab 
and smear it upon freshly prepared serum already in sterilized tubes, 
and place the latter in the incubator to secure the growth of the bacillL 
In extremely urgent cases we have sometimes been able to discover the 
germ of the disease by microscopic examination of the swab itself, imme- 
diately upon arrival, but this procedure is too uncertain in its results to 
be employed as a general practice. 

EiiPORT TO Physicians. — The culture is removed from the incubator 
in the morning, and an examination made to see what growth has devel- 
oped during the night. As soon as the result of the examination has been 
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determined, a report is made to the physician by mail, telegraph, or tele- 
phone, as he has requested. The official report of the bacteriologist is 
made upon the following blank: 

Laboratory No 

LABORATORY OF HYGIENE, 

New Hampshire State Boabd of Health. 

Bacteriological Dbpabtmewt. 



N. H., 190 

Dr 



Deab Doctor: 

The examination of the culture made by inoculating blood serum with the 
material found on the swab from the throat of 

on shows does not show the 

presence of the diphtheria bacilli. 
Remarks : 



M. D., 

Bacterioloffist, 
Irving A. Watson, M. D., 
Director of Laboratory. 

It will be noted in the blank above that the report does not say that 
diphtheria exists or does not exist, but simply that the examination shows, 
or does not show, the presence of the diphtheria bacilli. Notwithstanding 
that much has been written upon the subject of negative results, we have 
found that some physicians have placed reliance upon a single negative 
report, which should never be done. It has been the practice in making 
reports to state under "remarks'^ that there was no growth, or that other 
forms of bacterial infection were found, according to the facts revealed. 
The interpretation, and some other points in connection with bacteriology 
of diphtheria and other anginas, will be referred to elsewhere. 

BEPORT OF EXAMINATIONS IN CASES OP SUSPECTED DIPHTHERIA. 

In the table given below are embraced data concerning bacteriological 

examinations made in cases of suspected diphtheria. It will be seen 

that 1,185 specimens were examined during the period embraced in this 

report, taken from 824 individuals. The cases were reported from 

seventy-two towns and cities in the state. The results of the examinations 

are given under appropriate headings. 
11 
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It will be seen that in the first examination 630 proved negative and 
213 positive. In this large number of negative results were included many 
persons who were not suspected of having the disease, but who had been 
directly or indirectly exposed. It will, however, be seen in studying the 
table that in altogether too many instances reliance seems to have been 
placed upon one negative result, or, in other words, that either the physi- 
cian was satisfied with such a report as being conclusive, or the case so 
rapidly improved within a day or so after forwarding the specimen as to 
remove the suspicion that the case was diphtheria. 

The results, as far as the third examination, in the given case are car- 
ried out in their regular order; no numerical account is made of subse- 
quent examinations, some of which were for release purposes. In a few 
cases of suspected diphtheria, some other form or forms of infection 
existed, as is noted in the table. 

Many instances have come up during the work, of which we have 
special knowledge, where the diagnosis made by the laboratory proved of 
inestimable value in preventing wholesale exposure to the infection, and, 
as a consequence, doubtless Hmited the disease to a single case or family. 
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TYPHOID FEVEE. 

The Widal reaction for the determination of typhoid fever is, in a great 
majority of cases, satisfactory, there being only a small percentage of 
cases in which it is uncertain. The method, as well as further explana- 
tions concerning its reliability as a test, appears in the blank report re- 
turned to physicians, a copy of which is inserted in this report. 

Outfit. — This consists of a short glass tube for the collection of a few 
drops of blood from the patient, sealing wax to close the tube, a blank 
upon which to report the case, and directions for taking a sample of the 
blood. These are all inclosed in a cylindrical wooden screw-cap case, 
with proper label for forwarding to the laboratory by mail; postage two 
cents. 

The blank referred to is as follows: 

TYPHOID FEVER. 



Specimen fob Examination. 



Doctor's name 

City or town 

Patient's name Age Sex, 

Occupation 

Date of earliest symptoms Date specimen taken... 

Has patient previously had typhoid fever? 

If so, where? 

Present illness where contracted? 

Has patient been away during the month previous to illness? 

If so, how long ago ? 

Clinical diagnosis 



Return This Blank, Filled Out, with theI Specimen. 

All charges for transmission must be paid by the party sending the speci- 
men; and also telegraph or telephone charges in reporting results. Shall 
report be sent by mail, telegraph, or telephone? 

Send Specimen to Concord or Hanover, as may be most convenient. 

Upon the reverse side of the above blank is th^ following: 
Remarks: 
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New Hampshire State Boabd of Health. 
Laboratory of Hygeenb. 



l>na9CTIONS FOR TAKING SPECIMENB OF BLOOD. 

The skin covering the tip of the finger, or perhaps preferably the lobe of 
the ear, should be thoroughly cleansed and then pricked with a clean needle, 
or slightly Incised so as to cause several drops of blood to exude. Four or 
five drops should be collected in the accompanying glass tube. It should 
then be carefully sealed with the sealing wax inclosed with tube for that 
purpose, then wrapped in cotton, or^ a piece of cloth, to prevent breakage, 
put into shipping case, cover screwed on tightly, and forwarded by express, 
prepaid, either to Concord or Hanover. 

The blank on the reverse side of this sheet must be carefully filled by the 
attending physician. A report of the result of the examination, as soon as 
possible, will be sent in the manner directed. 

An examination of the same is made as soon as practicable after it 
reaches the laboratory, and a report is mailed to the physician who sent 
the sample, upon the following blank: 

Laboratory No 

LABOEATORY OF HYGIENE, 

New Hampshlbe State Boabd of Health. 

bacteriologioaii department. 



N. H., 100. . . 

Dk 



Bear Snt: 
The examination of the specimen of blood taken from. 



on shows does not show Widal's reaction 

when one part of blood serum is added to parts of a bouiUon 

culture of the typhoid bacillus. 

The serum test (Widal) for the diagnosis of typhoid fever is performed in 
the following way: One part of the suspected blood serum is added to one 
or more parts of a 24-hour bouillon culture of the typhoid bacillus. When 
the typhoid reaction appears, the bacilli quickly lose their motility and be- 
come clumped together in masses. The substances which cause this reaction 
are absent, or present to only a very moderate extent, in the blood of those 
not suffering from typhoid fever, while after the fifth day the blood of those 
having typhoid fever usually .contains these agglutinating substances in 
abundance — ^in amounts greatly in excess of that found (except in the rarest 
instances) in the blood of those who have not, or hav** not had, typhoid 
fever. 
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The serum test, as seen from the above statement, is quantitative rather 
than qualitative. The examination should therefore not only determine the 
presence or absence of agglutinating substances, but their amount. The 
results so far obtained indicate that we are safe in drawing the following 
conclusions: 

1st. That the patient in all probability has typhoid fever, or has had it 
within one year, in those cases in which the reaction occurs promptly upon 
the addition of one part of blood serum to nine parts of a bouillon culture 
of the typhoid bacillus. 

2d. That if a marked reaction occurs when one part of blood serum is 
added to nineteen or more parts of a bouillon culture, the probability that 
the patient has typhoid fever becomes almost a certainty. 

The agglutinating substances do not usually appear in the blood in suffi- 
cient amount to give the reaction until the fourth day of the disease. Frbm 
the fourth to the seventh day of the disease specimens of blood serum from 
typhoid patients give the reaction in about 70 per cent; from the eighth to 
fourteenth day in about 80 per cent; and during the third and fourth weeks 
in about 90 per cent of the cases. 

In from 5 to. 10 per cent of the cases of typhoid fever the blood does not 
at any time in the course of the disease give a prompt and complete reaction, 
when one part of the blood sernm is added to ten or more of the culture. 
The absence of the reaction in any individual case does not, therefore, posi- 
tively exclude the diagnosis of typhoid fever. 

M. D., 

Bacteriologisi. 
Irving A. Watson, M. D.," 

Director of Laboratory. 

Intekprbtation of Eesults. — In addition to the opinions already ex- 
pressed, the physician should make certain whether or not the patient 
had had typhoid fever, or an illness resemhling that disease, in a recent 
period prior to the present ilhiess, as in such case the infection sometimes 
exists for a considerable period. It would be necessary to exclude such 
possibilities, and this being done it could be safely assumed that a positive 
reaction indicated typhoid fever to a certainty. A negative result should 
be considered as of little or no importance in the case, for the reason that 
the Widal reaction does not usually develop before the fifth day, and may 
not until late in the disease, and is said not to be constantly present 
during all periods of the disease; so that both positive and negative reac- 
tions might be obtained during the continuance of the disease. It will 
be seen, therefore, that a negative reaction means nothing, while a posi- 
tive reaction may, of course, be relied upon. 

In the following table are given the results of examinations made at 
the laboratory from May, 1901, to October 1, 1902: 
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An examination of the above table shows that blood specimens were sent 
to the laboratory irom 34 towns and cities, aggregating 106 cases, of which 
41 gave a positive reaction, 64 a negative reaction, and 1 was classed as 
doabtful. The total number of examinations made was 118. The age 
and sex of patients are also given. In many instances the Widal reaction 
determines the diagnosis for the attending physician, — a matter of a great 
deal oi. importance, since in the event that the result is positive the physi- 
cian and health oiHcer are prepared to take such means as may be neces- 
sary to limit the spread of the disease. The physician is better prepared 
to treat his patient properly, and will, of course, see that proper disinfec- 
tion of excreta, etc., is constantly maintained. It also suggests to the 
health officer the necessity of making a search for the source of infection. 
The great value of this test, of course, applies in eases where the diagnosis 
is uncertain. In a well-marked, typical ease of typhoid fever the Widal 
reaction would not be necessary to determine the nature of thft toaliA^ . 
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MALAEIA. 

Outfit. — The outfit for the collection of a sample of blood to be exam- 
ined for the Plasmodium of malaria consists of a small tin box with hinged 
cover, inside of which are placed two covered glasses to be used in accord- 
ance with directions, together with the following blank: 

MALARIA. 



Blood from a Suspboeejd Case^ 

Doctor's name 

City or town 

Patient's name Age Sex. 

Occupation 

Date of earliest symptoms Date specimen taken . . 

Symptoms present 



Probable source of infection, if any suspected. 



Date or season of last former attack, if any 

Any quinine or other medicine administered before preparation of smears ? 

Return This Blank, Filled Out, with the} Specimen. 

All charges for transmission must be paid by the party sending the speci- 
men; and also telegraph or telephone charges in reporting results. Shall 
report be sent by mail, . telegraph, or telephone? 

Send Specimen to Concord or Hanover, as maj^ be most convenient. 

This outfit may be sent by .mail. 

On the reverse side is the following: 
Remarks: 



New ELajvipshire State Board of Health. 
Laboratory of Hygiene. 



The tip of a finger or the lobe of one ear is thoroughly cleansed with soap 
and water and dried carefully. An ordinary surgeon's needle, previously 
j[>assed through the flame of an alcohol lamp or a gas-burner, or held over 
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the chimney of a lighted kerosene lamp for a few seconds, to sterilize it, is 
used to prick the part nntil a small drop of blood exudes. This should be 
wiped away with a clean cloth and the second drop used. This is touched 
with the edge of a cover-glass, and the edge carrying the drop placed on a 
second cover at an angle of 20 to 30 degrees and drawn across its entire face. 
A thin smear or film of blood will be deposited on the second cover, which 
dries rapidly. Three or four such smears should be prepared if possible, 
each one from a freshly exuding drop, and laid down to dry. The points to 
be borne in mind in this operation are great cleanliness, rapidity of work, 
and the use of a fresh drop of blood, as the corpuscles shrivel soon, after 
exposure to the air. 

The smear should be very thin, so that the corpuscles may be fixed almost 
instantly on the glass by drying. The thinner the smear, other things being 
equal, the more perfect the preservation of the corpuscles. A thin smear 
cannot be obtained from a large drop of blood. When the cover-glasses are 
thoroughly dry — usually in fifteen to thirty seconds — they are wrapped sepa- 
rately in the paper provided, and replaced in the box. This should be filled 
with the paper, so that the glasses cannot move about. 

The best time for taking the blood is about eight hours before or after 
the chill. Smears prepared after the administration of quinine may not con- 
tain malarial parasites in numbers sufficient to be detected, and the micro- 
scopic diagnosis in such cases may be misleading. In a small percentage of 
oases of malaria, the blood from the skin may not at any one time contain 
parasites enough to be detected. Hence the non-discovery of these organisms 
in such rare cases does not negative the clinical diagnosis of malaria. 

DurJDg the period embraced in this report only ten specimens of blood 
in cases of suspected malaria were sent to the laboratory. These were 
received from the following-named towns: Barrington, Dover, Hanover, 
Lancaster, Nashua, and Portsmouth. The malaria Plasmodium was found 
in only one instance, the other specimens giving negative results. 
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PLACES WHERE BACTERIOLOGICAL OUTFITS MAY BE 

FOUND. 

For the convenience of the physician who desires an outfit in the short- 
est possible time, we have established stations where these supplies may be 
found in different sections of the state. We have, in most instances, 
chosen drugstores suggested by physicians themselves, although when more 
places were named in a given locality than we deemed necessary we have 
selected one or more, and the physicians in the vicinity have been notified. 

In some towns where no drugstore exists these supplies have been placed 
with some physician. 

The profession have found this arrangement of great convenience and 
very satisfactory. Supplies are, however, mailed directly from the labor- 
atory to the physician when so requested; but we prefer, for our own 
convenience, that they be obtained from the station in the physician'? im- 
mediate vicinity. 

Below is a list of stations: 

Allenstown, supplied from Suncook. 

Amherst, supplied from Milford. 

Andover, supplied from Franklin Falls. 

Antrim, Frank Dickey, druggist. 

Ashland, W. F. Brown, druggist. 

Belmont, E. C. Bean, druggist. 

Berlin, Charles R. Denning, druggist. 

Bethlehem, H. P. Smith, druggist. 

Bristol, Fowler & Co., druggists. 

Caraan, E. M. Allen, druggist. 

Charlestown, George Nourse, druggist. 

Claremont, George A. Briggs, druggist. 

Colebrook, Charles S. Aldrich, druggist. 

Concord, Arthur E. Clarke & Co., druggists; A. P. Fitch, druggist; 
Arthur H. Eiiowlton, druggist; George A. Berry, druggist. 

Conway, G. W. Shaw, druggist. 

Deny, West, H. Benson, druggist. 

Dover, Lathrop & Pinkham, druggists. 

Enfield, F. B. Williams, druggist. 

Epping, A. C. Buswell, M. D. 

Exeter, Weeks & Seward, druggists. 

Farmington, W. J. Evans, druggist. 

Franklin, Woodward Brothers, druggists. 

Franklin Falls, George R. Kempl, druggist. 
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Goflstown, S. M. Johnson & Co., druggists. 

Greenville, Dr. Charles E. Hall, druggist. 

Groveton, John M. Wilson, druggist. 

Hanover, Dr. H. N. Kingsford. 

Haverhill (see Woodsville). 

HeJiniker, W. N. "WTiitne)', druggist. 

Hillsborough, C. S. Perry & Co., druggists. 

Hinsdale, Fred H. Jones, druggist. 

Jaflrey, East, George H. Duncan, druggist. 

Keene, Ballard & Shedd Co., druggists. 

Laeonia, J. H. Story, druggist. 

Lakeport, Phunmer & Thompson, druggists. 

Lancaster, P. J. Noyes & Co., druggists. 

Lebanon, Dr. I. N". Perley, druggist. 

Lisbon, F. K. Kineaid, druggist. 

Littleton, C. F. Davis & Co., druggists. 

Manchester, Board of Health; L. G. Gilman, druggist; George A. Hans- 
corn, druggist; Marshall & Knowlton, druggists; Potvin & Co., druggists; 
A. J. Precourt, druggist; F. H. Thurston, druggist; F. L. Way, druggist. 

Meredith, C. W. Morrison, druggist. 

Milford, W. F. French, druggist. 

Milton, J. H. Willey, Ph. G., druggist. 

Nashua, A. E. Wallace, druggist. 

New Boston, F. A. Greer, druggist. 

Newport, Fred E. Lovell, druggist. 

Northwood Eidge, C. V. Fiske, M. D. 

Ossipee, E. B. Andrews, M. D. 

Pembroke, supplied from Suncook. 

Penacook, C. H. Fowler, druggist. 

Peterborough, George L. Forbush, druggist. 

Pittsfield, V. A. Grant, druggist. 

Plaistow, Edmund H. Noyes, M. D., chairman board of health, 

Plymouth, Fred W. Brown, druggist. 

Portsmouth, A. P. Preston, druggist. 

Rochester, R. Dewitt Bumham, druggist. 

Ro]linsford (see Salmon Falls). 

Salmon Falls, George W. Nutter, druggist. 

Scmersworth, Daniel J. Buckley, druggist. 

Suncook, George E. Gordon & Co., druggists. 

Tilton, C. P. Herrick, druggist. 

Walpole, W. D. Knowlton & Co., druggists. 

Warner, Kempl & Royder, druggists. 
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Whitefield, W. C. Leonard, druggist. 
Wilton, W. L Durgin, druggist. 
Winchester, William W. Nash, druggist. 
Wolf eborough, E. H. Thompson, druggist. 
Woodsville, E. B. Mann & Co., druggists. 

The outfits supplied at the above stations are those used in bacteri- 
ological work in connection with tuberculosis, diphtheria, typhoid fever, 
and malaria. 

Containers for the collection of samples of water for chemical analysis 
must be obtained directly from the laboratory at Concord. We wish again 
to notify the public that it is useless to send samples of water collected in 
any but the bottles sent out from the laboratory, which in all instances 
are forwarded by express free of expense. Water sent in old bottles, jugs, 
or any other convenient receptacle will not be analyzed at the laboratory. 
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REPOET ON DIPHTHERIA BACILLI IN WELL PERSONS.* 

BY A COMMITTEE OF THE MASSACHUSETTS ASSOCIATION OF BOARDS OP 

HEALTH, f 

FiEST Part. — executive. 

Your committee when first appointed, July, 1900, attempted by a circu- 
lar letter to learn what was being done in different American cities with 
well persons infected with diphtheria bacilli, and what were the views of 
the health officers as to the proper methods of controlling such cases. A 
summary of the replies received was presented at the association meeting 
held January 24, 1901. The replies showed that in only two cities, Balti- 
more and Providence, was a systematic attempt made to isolate well per- 
sons carrying diphtheria bacilli, that this rule applied chiefly to members 
of families in which clinical diphtheria existed, and that in Baltimore it 
applied chiefly to the school children in such families. 

It was found that few data were available concerning the occurrence 
of diphtheria bacilli in well persons; and it was deemed advisable to insti- 
tute, on a co-operative basis, an extended series of observations which 
would give us more accurate knowledge on this point. A circular letter 
asking for such co-operation was sent to about twenty bacteriologists. A 
number of favorable replies were received, and the following-named actu- 
ally entered into the work: 

Boston, Mass., Dr. H. W. Hill and Mr. B. R. Rickards, with Dr. A. A. Taft, 
and Drs. D. N. Blakely, W. S. Boardman, Paul Carson, John Duff, Theo. 
C. Erb, C. O. Kepler, C. Morton Smith, John T. Sullivan, and A. A. Wheeler. 

Brookline, Mass., Dr. F. P. Denny. 

Lowell, Mass., Dr. T. B. Smith. 

Minnesota, Drs. F. F. Wesbrook, L. B. Wilson, O. McDaniel, and E. H. Beck- 
man. 

Newton, Mass., Dr. Arthur Hudson. 

ISew York City, Dr. W. H. Park, with Dr. A. W. Williams. 

* That is, '' well " so far as the throat or nose is concerned. 

t We reprint this valuable report from the Journal of the Massachusetts Association of 
Boards of Health. It comprises much original work by able and well qualified investigators, 
and is an Important addition to the literature of the subject. I. A. W. 
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Ontario, Canada, Dr. J. A. Amyot. 

Providence, R. I., Br. C. V. Chapin and Prof. F. P. Gorham. 

Springfield, Mass., Dr. H. C. Emerson. 

Waltham, Mass., Dr. C. A. Willis, with Drs. W. E. Fernald, I. H. I/add, and 

George L. Wallace. 
Washington, D. C. Dr. W. C. Woodward ajid Dr. John E. Walsh. 
Willard State Hospital, N. Y., Dr. W. A. Macy and Dr. Erving HoUey. 

The association will doubtless join the committee in expressing their 
th£'nk3 to those who, though some of them not members of the associ- 
ation, so willingly assisted in our undertaking. 

The results of these investigations are given in detail in the second part 
of this leTJort. 

PREVALENCE OF DIPHTHERIA BACILLI IN WELL PERSONS. 

Of the questions before the committee, the first which they have 
attempted to answer is, how frequently diphtheria bacilli are found in well 
persons. 

All observers are not in accord as to the morphological appearances 
which are to be considered as characteristic of this organism. Some 
agree with Wesbrook in the belief that diphtheria bacilli are found to 
present all the forms named by him. Others admit the validity of only 
a portion of these types. Some do not believe that the so-called pseudo- 
diphtheria bacillus, the short solid-staining type, is a true diphtheria 
bacillus, while others are entirely satisfied that it should be classed with 
B. diphiherice. 

In order to answer, from the collected data, the question of the degree 
of prevalence of diphtheria bacilli in well persons, it may be allowed to the 
different observers to state for themselves how many of their cultures they 
would, in the vernacular of the laboratory, have reported as ^^positive.^' 
Not all responded to this request. 

In Boston, about 1 per cent were considered positive; in Brooklyn, 2.3 
per cent; in Lowell, 1.2 per cent; in Springfield, 1.6 per cent; in Provi- 
dence, 9 per cent; and in the District of Columbia, 22 per cent. These 
figures are chiefly interesting as indicating the divergent views of bacteri- 
ologists, and as explaining the widely different results hitherto obtained 
by different observers; although it is probable that the actual prevalence 
itself varies in different places to some extent 

Another way of stating the results of this work was for the committee 
to assume that certain forms would, by the majority of bacteriologists, be 
considered as diphtheria bacilli. The forms which the committee thinks 
would usually pass as diphtheria bacilli are Wesbrook's A, C, and D. 
On this basis it was found that 2.89 per cent of the total persons exam- 
j'n^d (nose and throat) were infected with diphtheria bacilli, or, leaving 
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out the returns from Minnesota, 1.39 per cent. It may be observed that 
the number reported positive did not correspond in all cases with the num- 
ber of persons showing A, C, D. 

The bacteriological examinations made by members of the committee 
and those who worked with them, except certain cases classified as 
"special/^ not included in the main tables, and many of the Minnesota 
results, were confined to persons who had not, so far as known, been 
recently exposed to diphtheria. When examination is made of the throats 
of those who have recently been in more or less direct contact with diph- 
theria, infection is found more frequently. No observations on this point 
were undertaken by the committee; but, from the investigations of Chapin, 
Denny, Kober, and Park, it is probable that from 8 to 50 per cent of the 
well persons in families where there is diphtheria are infected with the 
bacilli. 

In institutions, particularly institutions for children, where diphtheria 
has prevailed, the infection appears often to become more general; and a 
considerable number of the children will often be found to have diphtheria 
bacilli in their throats or noses. Occasionally cases of true diphtheria 
develop, or perhaps marked outbreaks occur. Wesbrook reports such 
a condition in a school at Owatonna, Minn., and in Bethany Home, Minne- 
apolis; a similar experience was met with in an orphan asylum in Provi- 
dence. It is to be noted that the types on which this wide distribution 
was determined included many others besides A, C, and D, and that the 
diagnosis of a large part of the infection observed was based on the pres- 
ence of the solid forms. 

The committee feels justified in the inference that, in urban com- 
munities, at least 1 to 2 per cent of well persons among the general public 
are infected with the types A, C, and D, and that where well persons are 
exposed to diphtheria, as in families, schools, or institutions where cases 
exist, the number infected is much larger, and may range from 8 to 60 per 
cent. 

The estimates just given in the last paragraph refer to the prevalence 
of the typical granular types of diphtheria bacilli. If the solid and barred 
types be also forms of this organism, it is very much more widely distrib- 
uted than is above assumed. The question as to what should properly be 
considered diphtheria bacilli is discussed at length in the second portion 
of the report. 

VIBULENCE OF THE DIPHTHERIA BACILLUS AS FOUND IN WELL PERSONS. 

There is no doubt that even the most typical forms of diphtheria bacillus 
vary greatly in virulence and power to produce toxins. Oftentimes cul- 
tures will produce no constitutional symptoms when injected into gomaa. 

12 
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pigs; and, as is well known, persons with morphologically tjrpical bacilli 
in their throats may remain free from all clinical symptoms, and may 
mingle freely with others without spreading the disease. 

It would be of decided advantage to know whether the bacilli found in 
well persons are usually virulent or not. There are two ways of determin- 
ing this. 

A, By the Guinea Pig Test. 

Th<: probable value of this test and the method of its application will 
be discussed in the second part of the report. Suffice it to say here that a 
sufficient number of tests have not been reported to the committee on 
which to base any very general conclusions. However, those that have 
been reported resulted as follows: Forty-seven pure cultures of Wes- 
brook^s types A, C, and D, obtained from well persons, were inocu- 
lated into guinea pigs. Of these, 17 per cent were virulent. Of the 
types other than A, C, and D, thirty-nine inoculations were made; and 7.5 
per cent proved to be virulent. All these latter positive results were from 
Providence. Gorham was the only observer to report virulent pure cul- 
tures of the solid-staining types C^ or D^. Wesbrook also at times has 
found these types virulent, but made no virulence tests in this particular 
investigation. 

B, By Clinical Evidence, 

We may perhaps learn from clinical experience whether well persons 
with bacilli in their noses or throats do really give the disease to. others. 
A number of our correspondents have reported instances in which it seems 
very certain that this was the case. (Preliminary Eeport; Journal Massa- 
chusetts Association Boards of Health, January, 1901.) On the other 
hand, it may be argued that the bacilli carried by well persons are fre- 
quently, perhaps most frequently, non-virulent for two reasons: first, the 
persons themselves are not sick; and, second, diphtheria is not so common 
as it would be were virulent bacilli constantly distributed by the consid- 
erable number of infected well persons. If immunity, natural or acquired, 
be as widespread as stated by some authorities, these reasons would of 
course lose their weight. 

The committee seems to be justified in concluding from an examination 
of the experimental and clinical evidence at hand that only a small per- 
ce]itage of the morphologically typical diphtheria bacilli found in well 
persons not recently exposed to the disease are virulent; but the number 
of infected individuals well enough to mingle freely with others is so great 
that, even if only a small proportion of them be likely to transmit the dis- 
ease, tliere is in them a very important factor in the spread of diphtheria. 
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DANGER OP INFECTION FBOM HEALTHY PEESONS. 

The danger from a healthy person depends on the age, the habits, the 
surroundings, the occupation, and the intelligence of the infected person. 

A child who is constantly putting his hands and everything else into 
his mouth, and who plays with susceptible children of similar habits, is 
more likely to spread the disease than an adult. Infected individuals of 
cleanly habits are less likely to disseminate bacilli than the uncleanly. 

The danger from an infected person depends also on his surroundings, 
whether he comes in contact with other individuals in such a way that he 
is likely to infect them. Thus in a crowded tenement the opportunity 
for spreading the infection is much greater than it is in a private house. 
In institutions, infected persons are much more likely to spread the disease 
than elsewhere. 

The occupation of the individual is very important. Thus persons who 
are engaged in handling, articles of food (like milkmen) and those whose 
work brings them in close contact with small children (like nurses) are 
more likely to spread the disease than day laborers or clerks. 

The intelligence of a person should be considered. An intelligent per- 
son can easily be taught to take a few simple precautions which will greatly 
reduce the risk of infecting others, without imposing any serious restric- 
tions upon him. The manner in which the infection is spread can be ex- 
plained to him. He can be taught to sterilize everything which comes in 
contact with the secretions of his mouth or nose, and to avoid sneezing, 
coughing, or even talking toward and in close proximity with another 
person. A few simple precautions of this sort, carried out by an intelli- 
gent person, will greatly lessen the danger of infection. 

The danger from the rooms occupied by a healthy infected person is very 
slight. It is probably no greater than that of an electric car or any other 
much frequented public place into which some infected persons are un- 
doubtedly coming very often. 

CONCLUSIONS. 

In the conclusions it is recognized that there are two classes of persons 
carrying diphtheria bacilli to be considered. 

A, 

There are scattered among the general public a considerable number of 
persons, not recently and directly exposed to the disease of diphtheria, 
wh^ have typical diphtheria bacilli in their throats. Our observations 
show the average, for all places reporting, to be nearly as high as 3 per 
cent, or in the East 1.39 per cent. This would mean in Boston,, if the 
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smaller figure be used, about 8,000 such cases. The mere statement of 
this fact shows how entirely futile it is to attempt to seek out and isolate 
the whole of this number. If this cannot be done, it is useless and unjust 
to isolate the small number that it may be possible to discover. The com* 
mittee is therefore led to adopt the following as its first conclusion: 

Conclusion I. It is impracticable to isolate well persons infected with 
diphtheria bacilli, if such persons have not, so far as known, been recently 
exposed to the disease. 

If it happens that such cases come to the knowledge of the health 
officer, it would, however, be wise to give instructions in regard to caring^ 
for tho secretions, thus placing a part of the responsibility of the case 
upon the infected person himself. 

B. 

It may be assumed, and with some show of probability, that the bacilli 
in well persons, recently exposed to diphtheria, are more likely to be viru- 
lent than are others, and it might be attempted to isolate all members of 
families where diphtheria exists, so long as the bacilli are found in the 
throat or nose; but there are difficulties in the way. Such a procedure 
would, in many cases, lengthen the period of the family isolation, and 
prove most exasperating to the family and to the medical attendant. 
Wage-earners, business and professional men^ would be kept at home and 
away from important work. It is difficult to maintain the isolation of 
the patient during a long convalescence; but it is far more difficult te 
isolate a person who has not been sick at all. It is very difficult to per* 
suade a man that he should remain at home because he has diphtheria 
bacilli in his throat, when one is obliged, in answer to his inquiry, to admit 
that there are hundreds of others going freely about, although infected 
like himself. It is usually useless to try to tell him that the conditions 
are difi:'erent in his case, that his bacilli are derived from a recent case, 
and have been proved virulent. He will not accept the reasoning, and 
very likely his medical adviser will not accept it. 

If, instead of a single throat culture, as is required in most places, two 
successive negatives from nose and throat are made necessary for release, 
the difficulties wall be still further increased; and, if two negatives are not 
required, many infected will escape, and the object of the whole procedure 
will be defeated.* 

Since the number of persons among the general public who are infected 
with diphtheria bacilli and who pass unrecognized and unrestrained may 

• This method of keeping at home those members of families in which diphtheria ezists- 
who are injected with diphtheria bacilli was carried out very faithfully in Providence lor a 
period of five years, but has been abandoned because it met with very decided opposition from 
both the laity and the medical profession ; it should be noted that in Providence only one 
throat negative was required for release. 
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^t any one time be greater than the number of infected persons in diph- 
theria families, it does not seem to be expedient to place restrictions upon 
the latter except when it can be done without causing much friction or 
hardship, or unless the danger in any particular instance can be shown to 
be very considerable. 

The committee is therefore led to its second conclusion: 

Conclusion II. It is not advisable as a matter of routine to isolate from 
the public all the well persons in infected families, schools, and insti- 
tutions. 

It is advisable to keep the children in infected families away from day 
school, Sunday school, and all public places, and that they should remain 
on their own premises, if possible. 

Wage-earners may usually be allowed to continue their work; but 
teachers, nurses, and others who are brought in close contact with children 
should not be allowed to do so. Milkmen should not be allowed to con- 
tinue their business. 

When it is proposed to remove a well person from an infected family, 
it is not advisable to make the removal if diphtheria bacilli are present. 

In schools and institutions it is usually advisable, if the infection is not 
too widespread, to separate from the others all infected persons, sick or 
well. 

When diphtheria appears in a community which has for some time been 
free from it, it is advisable to isolate all persons who have been brought 
in contact with the patient until it shall have been shown that they are 
free from diphtheria bacilli. 

While believing that it is not possible in the majority of cases to isolate 
well persons infected with diphtheria bacilli, we believe that the attempt 
should be made to educate the public to care for their persons and their 
secretions so as to avoid, as much as possible, the danger of infecting 
themselves or others. The committee would again call attention to the 
suggestions made at a former meeting for teaching cleanliness to school 
children, and similar advice might be profitably given to the members of 
families where diphtheria exists. 

In thus putting before the association the results of both practical and 
experimental work concerning diphtheria bacilli in well persons, the com- 
mittee does not wish to be understood as minimizing in any way the 
possible danger of bacilli-carriers to their environment. It has simply 
recommended what appears to be the most expedient course to pursue 
after considering the various conflicting interests of the public and the 
infected individual. The responsibility is largely shifted to the latter, 
and in the case of intelligent persons the individual responsibility in dis- 
seminating disease should l)e clearly placed before the infected person. 
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The various local health authorities, in accepting these suggestions, 
must necessarily exercise increased care, watchfulness, and discrimination, 
and sJiould be prepared^ at any time whenever special circumstances war- 
rant it to isolate any and all persons who are discovered with presumably 
virulent diphtheria bacilli. 

Second Part. — Bacteriological. 

The fact that diphtheria bacilli may, and frequently do, persist in the 
throat and nose of patients some time after recovery, and that even per- 
sons not clinically diseased may, in certain instances and for a variable 
period of time, harbor virulent bacilli, is entirely in harmony with our 
knowledge concerning the relation of disease germs to the individuals 
liable to their attack. 

Before discussing its significance more in detail, it may be stated that 
the causal relation of the Klebs-Loeffler bacillus to what is clinically 
known as diphtheria is as firmly established as that of any of our well- 
Icnowii pathogenic bacteria to their respective diseases. This is based on 
the following facts: 

1. The-Klebs-Loefiier bacillus is the only species regularly present 
in diphtheria. It is most abundant at the height of the disease, and dis- 
appears soon after convalescence. 

2. This bacillus produces a poisonous substance, or toxin, which after 
injection into animals produces inflammatory and haemorrhagic oedemas, 
necrosis, or sloughing of tissues, and paralysis. 

3. The antitoxin produced by the injection of the toxin is specifically 
preventive and curative. 

The popular conception that disease germs enter, permeate, and then 
pass out of the body like an orderly army without stragglers is not con- 
firmed by observation or experiment. There are two opposing forces in 
every infectious disease, and the variation in the resistance of the indi- 
vidual and in the virulence of the bacteria make the resultant disease a 
very variable quantity. The same is true of the final exit and destruction 
of bacteria after recovery, and leads to the inference, proved in a variety 
of diseases, that persons, to all appearances well, may carry disease germs. 
There is no basis for the belief that such bacteria are necessarily non-vir- 
ulent. Their harmlessness to the carrier may simply be an expression of 
his immunity, either inherited or acquired at some earlier period through 
disease. Laboratory tests show clearly that such microbes, when identified 
as belonging to one or the other species of pathogenic bacteria, are, as a 
rule, of the usual virulence. 

These organisms are frequently carried in such a way as to be easily 
shed, and hence to be a source of danger to others. Thus in chronic pul- 
moiiary tuberculosis a person may for years expectorate immense num- 
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bers of tubercle bacilli. Li individuals who have recovered from typhoid 
fever the froces, and particularly the urine, may contain typhoid bacilli 
for a time. Mild cases of typhoid, not recognized, may lead to epidemics. 
In Asiatic cholera the spirilla have been found in the stools of well per- 
sons living within the infected area. It is probable that in influenza the 
microbe may vegetate on the mucous membrane for some time after re- 
covery. Lastly, it has been known for over twenty years that the fliplo- 
C0CCU8 of croupous pneumonia flourishes on the mucous membrane of the 
throat of certain persons. 

If we consider for a moment this list of pathogenic bacteria likely to 
survive the disease they produce, we find that they peculiarly represent 
those maladies having a starting-point, or producing lesions, in the 
mucous membranes. The diphtheria bacillus vegetates chiefly on the 
surface, sending its toxin inward, and this localization of the bacilli gives 
them, a special opportunity to escape destruction by the body and to vege- 
tate in immune individuals for a time. In fact, we need not be surprised 
if in the future more persons shaU be found carrying these bacilli than 
the present figures indicate. 

As there is no sharp line to be drawn between the healthy and the dis- 
eased state, one shading imperceptibly into the other, so there is no sharp 
line to be drawn, for many infections at least, between the time when the 
micro-organisms are still in the body and when they have all been de- 
stroyed or eliminated. It follows logically, as is shown by the work of 
certain members of this committee, that well persons may be at times the 
source of infectious diseases. 

In the capacity of bacteriologists it becomes our duty to emphasize 
the facts that well persons may be the source of virulent disease germs, 
and that public health authorities cannot concentrate their attention on 
health and disease as such, but must take cognizance first and foremost 
of the whereabouts of disease germs; and in so doing they practically admit 
that the carrier of such germs, even if well, may be fitly compared to the 
spark which may or may not start a conflagration. 

The measures to be carried out in dealing with individual carriers, when 
discovered, must be left for the health officers to devise. Such measures 
will naturally depend on the relative dangerousness of the disease involved, 
on the relative ease with which the bacteria may be disseminated, and, in 
fact, upon a number of conditions which do not come within the scope of 
the bacteriologist, but which must be settled on purely practical grounds. 

TECHNICAL RESULTS. 

The following is a report of the results of the investigations which have 
been carried out by the committee, together with a simple statement of 
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our present knowledge of the diphtheria bacilli found in healthy persons. 

The chief objects of the investigations have been to determine: first, 
the frequency of the different forms of diphtheria-like bacilli in healthy 
persons; and, second, the virulence of the different forms. 

A number of laboratory workers were asked to examine separate cultures 
from the nose and throat of healthy persons, to record, according to Wes- 
brook^s classification, all the diphtheria-like bacilli which were found, to 
state whether or not they would report the cultures containing such forms 
as positive or negative if the cultures were taken for release, and finally 
to isolate these forms in pure culture and to test their virulence on guinea 
pigs. 

The number of persons which have been examined and so recorded 
that they could be classified on the basis intended, is 3,953. They were 
as follows: 

1. In the Minnesota State Board of Health Laboratory in Minneapolis, 
1,154 children and adults in institutions. 

2. ]n the Boston Board of Health Laboratory, 892 adults in prison 
and pauper institutions. 

3. Li the Providence Board of Health Laboratory, 541 school chil- 
dren, 376 tramps, 10 smallpox patients; total, 927. 

4. In the Lowell Board of Health Laboratory, 250 cotton-mill hands. 

5. In Washington, 205 children and adults in a hospital, and 16 
health department officials; total, 221. 

6. In Springfield, 64 school children, 321 male prisoners in jail; 
total, 185. 

7. In the Brookline Board of Health Laboratory, 129 school children. 

8. In the Willard State Hospital for the Insane, 82 inmates. 

9. In the N"ewton Board of Health Laboratorj^, 63 women students at 
Wellesley College. 

10. In Ontario, 50 patients and attendants in a general hospital. 
The virulence of the bacilli in 86 cultures was tested. 

In addition to the above, cultures from 1,536 persons were taken in 
Boston, Brookline, New York, and Waltham; but from the incompleteness 
of their records they could not be classified with the others, and are there- 
fore grouped together under the head of "special cases." 

The committee had hoped to have larger and more complete returns, 
and especially a larger number of examinations of persons living outside 
of institutions. Insufficient time and the inability to get permission to 
make cultures were the causes of this deficiency. 

The work of tabulating the returns to show the relative frequency with 
wliich the different types were found in different places and in different 
classes of cases was very great, and was done by the secretary of the com- 



MISCELLANEOUS PAPERS. 185 

mittee. Dr. Hibbert Winslow Hill. The tables in their final form were 
made largely by Dr. F. F. Wesbrook, who gave much time to this work. 
A few words in explanation of Wesbrook^s classification of types of 
jB. diphiherice. 

WfiSBBOOK^s Classification. — Wesbrook divides all the forms of diph- 
theria bacilli into three groups, according to their staining reactions. 
Those with deeply-staining grannies he calls "granular Jorms," those with 
transverse bands "barred forms/' and those staining evenly "solid forms.'' 
He further divides each of the groups into seven types according to shape 
and size. The types are designated by the letters A to G. Each indi- 
vidual type of the granular group is designated by a simple letter. A, B, C, 
etc.; the barred forms are called A^, B^, CS etc.; the solid forms are A^, 
B^, C^, etc. The types are progressively smaller from A to G in each 
group. 

The different types have been v^ry well represented in plates which 
were published with Wesbrook's original article.* Through the courtesy 
of Dr. "Wesbrook all the workers were furnished with these plates, so that 
they might be kept before them while making the examinations. In 
every culture showing diphtheria-like bacilli the forms present were re- 
corded according to Wesbrook's types on charts which had been arranged 
by Dr. Wesbrook. We have found this classification to be a very rational 
one and very helpful in the work. It has made possible a comparison of 
results which could not have been accomplished in any other way. The 
difficulty in comparing the results hitherto obtained by different investi- 
gators has been that they have not classed as diphtheria bacilli the same 
types of bacilli. By the method of recording the types present, irre- 
spective of personal views as to the propriety of classing the forms as true 
diphtheria bacilli, the question of what forms to consider as B. dipJitlierice 
is left to those who may make use of the results. The personal equation 
may thus be eliminated to a great extent. 

This method has also given an opportunity to compare the relative 
frequency of the different forms of bacilli in different localities. The 
differences in some instances have been striking. The most marked are 
found between the results obtained in Minnesota and those in the labora- 
tories in the East. While almost all the forms were more prevalent in 
Minnesota, the contrast is especially marked in the granular forms A, C, 
and D, which are nine to ten times as frequent there as they are in the 
East. 

In considering such differences, allowance must be made for three 
variables: 

* Transactions of the Association of American Physicians, 1900. Also see Minnesota State 
Board of Health Report, 1899-1900. 
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1. The personal equation of the observer, under which must be in- 
cluded technique of preparation, and classification. 

2. The individuals from whom the specimens were obtained; whether 
they had been recently exposed to diphtheria or not; whether they were 
massed in such a way as to facilitate exchange of nose and throat contents. 

3. Actual differences in locality, with the variables in conditions inci- 
dent to this alone. 

In the Minnesota examinations, cultures were taken almost altogether 
from children in institutions in which diphtheria had existed from one to 
eighteen months previously. This was unavoidable at the time when the 
investigations were asked for. It seems worthy of remark that in 316 day- 
school children (Park Eapids), from whom cultures were taken at the be- 
ginning of school in September, in a town where diphtheria had existed for 
eighteen months (this constituting the reason for the examination), the 
percentage of infection with types C, D, and A, was higher than that 
found in the East, and higher than in Brookline, where the 129 examina- 
tions listed were made under somewhat parallel conditions. It was, how- 
ever, lower than that found in the other Minnesota examinations, except 
in a wholly diphtheria-free institution (Catholic Orphan Asylum) where 
the per cent affected approximated that found in Boston. This seems to 
bear directly on infection in general, indicating that infection is much 
more apt to be widespread amongst children in institutions than in day- 
school children. 

As a further illustration of this variation of types in different localities, 
the results of the examinations of throat cultures by the New York 
City Board of Health show even a higher percentage of infection 
with the more generally recognized types of B. diphtherice (C, D, 
and A) than Minnesota. There had been more or less exposure in this 
case also. Further examples are afforded by three observations along 
somewhat different lines: 1. Gorham found that the types present in 
Providence in clinical diphtheria ran very considerably smaller than 
those in Boston (Hill) when actual comparison was made under similar 
conditions. 2. Wilson of Minnesota found branching forms of B. diph- 
Iherice in abundance in Boston, although they have been seen only three 
times in Minnesota. 3. Amyot of Ontario states that the types vary 
mth the locality, to some extent, since, in studying clinical cases bacteri- 
ologically, he was able to distinguish between two specific localities by the 
types present. 

The results in Minnesota* were so at variance with those obtained here 
that it seemed best to arrange them separately in the tables, particul^irly 

*That the basis of opinion afforded by presence of types in actual practice in Minnesota is 
not different from tliat in otlier localities, is sliown by the fact that the average duration of the 
quarantine period determined by the absence of diphtheria bacilli in two consecutiye negative 
examinations is not greater in Minnesota than that in other localities. 
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as this report was intended primarily for the use of Massachusetts boards 
of health. 

J'REQUBNOY OF THE OCCURRENCE OF WESBROOK^S TYPES OF BACILLI 
IN HEALTHY PERSONS, AND A CONSIDERATION OF THE EVIDENCE FOR 
THEIR RELATION TO DIPHTHERIA BACILLI. 

Granular Forms. — ^A, C, and D are the forms most commonly present 
in clinical diphtheria,* and would be classed as diphtheria bacilli by all 
l)acteriologists. One or more of these three forms were present in the 
nose in .93 per cent of persons examined in the East, or, including Minne- 
sota, in 2.07 per cent. In the throat they were present in .61 per cent, 
or 1.46 per cent with Minnesota. Of all persons examined in the East, 
1.39 per cent had these forms present in either throat or nose or both, 
or 2.89 per cent, including Minnesota. The other granular forms, B, E, 
T, and G, were seldom found in the East. Their relation to diphtheria 
"bacilli is not settled. 

Barred Forms. — These are said to be the only forms present in some 
clinical cases; but this condition must be rare, since some of the committee 
lave never met such a case. They are said to be frequently present in the 
eye, where they are called the xerosis bacillus. If present in the eye, they 
can very easily pass through the lachrymal duct to the nose. 

Solid Forms. — The bacilli of this group have protoplasm, which stains 
uniformly, and shows neither granules nor bars. In group A^, B^, and C^ 
the rods occur singly; while D^, E^, F^, and G^ appear to be in pairs, often 
resembling two triangular or cone-shaped bodies with their bases together. 
Tiiese forms are found very frequently in the nose, as will be seen by an 
examination of the tables. For example, D^ was present in the nose in 
16.7 per cent of persons in the East, and 21.8 per cent, including Minne- 
sota. 

The relation of these solid types to diphtheria bacilli is still unsettled. 
They are sometimes met with as variants in pure cultures of diphtheria 
bacilli. Wesbrook and Gorham claim to have found them present alone 
in cases of clinical diphtheria. Both of these observers several times iso- 
lated solid forms in pure cultures from healthy persons, and proved them 
virulent to guinea pigs. Such a condition, however, must be very rare, as 
no other members of the committee have ever foimd these forms present 
alone in clinical diphtheria; and, when isolated by them from healthy per- 
sons, they have always proved to be non-virulent. Certain of the solid 
forms have characteristics which have been considered sufficient to differ- 

*See also statistics of occurrence of A, G, D in ciinical cases, Table XIII; also, Minnesota 
State Board of Health Report, 1899-1900. 
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entiate them from B. diphtherice. Thus, while the typical diphtheria 
bacillus has a yerj' marked power of producing acid in dextrose bouillon, 
this property is entirely, or, at least, very often, absent in the most abun- 
dant solid forms, certainly those of the D^ type. For this reason the solid 
forms are considered by many authorities not to be diphtheria bacilli at all, 
and are classed as pseudo-diphtheria bacilli or Hoffmanns bacillus. 

Others consider that these differences are not sufficient to separate them 
from true diphtheria bacilli. Thus Gorham believes that the changes in 
morphology are brought about by the action of the body fluids of an im- 
mune individual. Both he and Wesbrook find a gradual change from the 
granular to the solid forms during convalescence from the disease. 

What types should be regarded as diphtheria bacilli? The committee 
believes that the question of the relation of these types to clinical diph- 
theria requires more investigation. The following statements, however, 
€eem justified from the available evidence. 

The large granular types are the ones most commonly present in eases 
of clinical diphtheria. They are found in about 1 to 2 per cent of well 
persons in this vicinity. The solid forms are very seldom present alone 
in cases of diphtheria, while they were found in about 20 to 25 per cent 
of all healthy persons. It is evident, therefore, that the granular types 
are the most important ones in the causation of diphtheria. 

Whatever the relation of the solid types to diphtheria, whether they be 
true diphtheria bacilli or not, it is very obvious that they can be of little 
diagnostic value, being present as they are in so large a percentage of all 
healthy persons. Any attempt to base isolation on the presence of such 
types would be an injustice. Certainly, no restrictions whatever should be 
put upon a healthy person unless there are present in his nose or throat 
the forms of bacilli morphologically identical with those commonly seen in 
eases of diphtheria. In healthy persons, therefore, usually only the granu- 
lar types. A, C, and D, should be recognized as diphtheria bacilli. We 
believe that the persons in whom these three forms are present represent 
almost all the individuals who are capable of infecting others. 

It seems probable, in view of the results obtained by such reliable ob- 
servers as Wesbrook and Gorham, that sometimes the solid forms, even 
when present alone, are true diphtheria bacilli; but we believe that this is 
fio seldom the case that the number of persons who might be overlooked by 
neglecting these types would be very small. 

The percentage of persons having the forms A, C, or D in the throat or 
nose is, as already stated, 1.39 per cent in the East, and 2.89 per cent, in- 
cluding Minnesota. These figures probably are not constant. Cultures 
from different classes of people would sometimes show different results. 
The results might be expected to vary in different years, depending in part 
on the prevalence of the disease of diphtheria and in part on factors as yet 



MISCELLANEOUS PAPERS. 189 

unknown. It might be said that at the time these investigations, were 
made (1901) diphtheria had been imusually prevalent. It seems reason- 
able, however, to suppose that in Massachusetts about 1 to 2 per cent of all 
persons carry typical diphtheria bacilli. Of this 1 to 2 per cent, not all 
are capable of transmitting the disease; for it is found that bacillij mor- 
phologically identical with diphtheria bacilli may have no power of pro- 
ducing toxins. 

VntULENCB OF THE DIPHTHERIA BACILLI FOUND IN HEALTHY PERSONS. 

As there are differences of opinion in regard to the value of the guinea 
pig test for virulence, due in part to a misunderstanding of the nature of 
the test, a word in explanation of the method employed seems desirable. 

The test is usually made by growing the diphtheria bacilli in bouillon. 
Soluble toxins are formed in the bouillon, if the bacilli are virulent; and 
this bouillon inoculated into guinea pigs produces local lesions and the 
death of the animal, even if all the bacilli have been removed by filtration. 
The test, therefore, is not to see if the bacilli produce toxins in the guinea 
pig, but whether they will produce them in the bouillon. If there are 
toxins in the bouillon, we know that they will produce the characteristic 
lesions in the guinea pig; for the effect of the diphtheria toxins on guinea 
pigs is so constant that this animal is taken as a standard of measure of 
the strength of diphtheria toxins and antitoxins. Practically, all diph- 
theria bacilli from clinical cases produce toxins in bouillon; and there is 
no reason to believe — although this cannot be proved — ^that the converse 
is not true, namely, that the bacilli which produce no toxins in bouillon 
will not produce them in human beings. 

The number of virulence tests which were made in connection with these 
investigations was, unfortunately, small. More information on this point 
is needed. 

Thirty-eight cultures of the solid forms were tested. In thirty-five the 
results were negative, while three showed virulence. The three positive 
tests were obtained by Gorham, reference to whose results has already been 
made. 

One test of the barred forms was made. The result was negative. 

Forty-seven tests of the granular forms were made. Thirty-nine proved 
to be non-virulent, eight (about 17 per cent) were virulent. 

While these investigations show that about 1 to 2 per cent of all per- 
sons have typical Klebs-Loeffler bacilli, only about 17 per cent of this 1 to 
2 per cent have virulent bacilli, or, in other words, 17 in 5,000 to 10,000 
of all persons have diphtheria bacilli which are dangerous to the public 
health. The number of virulence tests was too small to make the above 
percentages of much value, yet they bring out the fact that, if a healthy 
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persouL is found to have Klebs-Loeffler bacilli, and there is no connection 
traceable between that person and cases of diphtheria, the chances are very 
much in favor of the bacilli being non-virulent. Great care should there- 
fore be taken, we believe, not to put unnecessary restrictions an persons 
where the chances are great that the bacilli are non-virulent. 

DIPHTHERIA BACILLI IN PERSONS EXPOSED TO THE DISEASE. 

The investigations of the committee, except as already noted, do not 
cover the frequency of occurrence of diphtheria bacilli in exposed persons, 
but observations on this point are obtainable. Thus Park* found 50 per 
cent of children exposed in New York tenements to have Klebs-Loeffler 
bacilli. Chapin,t in Providence, finds 16 per cent of exposed persons to 
have the bacilli; Denny.J in Brookline, 13 per cent; Kober,§ in Breslau, 
8 per cent. 

It is found also that the bacilli in persons who have been in close con- 
tact with diphtheria are usually virulent. Thus Park in six cultures from 
exposed persons, Kober in fifteen, and Denny in seven, found all to be 
virulent. 

From the above it is evident that the problem of what to do with a per- 
son who has been exposed to diphtheria is very different from what it is in 
the case of a non-exposed individual. 

The bacilli found in healthy exposed persons are probably of the same 
virulence as those in the diseased individual, the absence of symptoms in 
the former being the result of an acquired or artificially produced im- 
mimity. A healthy person who has Klebs-Loeffler bacilli as a result of 
recent exposure is therefore as dangerous as a convalescent from diph- 
theria in whom the bacilli are persisting after all the local symptoms have 
disappeared. 

It is therefore theoretically rational, if convalescents are isolated, to 
isolate also all healthy infected persons who have been exposed, until they 
are free from bacilli. Such a course would undoubtedly result in pre- 
venting the occurrence of some cases and in saving some lives. It is found, 
however, that such a course is not practicable for all boards of health to 
follow. It is largely an economic question. The risk to the public health 
must be weighed against the loss and privation to the individual from iso- 
lation. 

(Signed) 

Charles V. Chapin, 

Superintendent of Healthy Providence, R. 7., Chairmwn 
of the Committee. 

•American Text-book Practical Medicine, vol. i. p. 647. 
t Reports of Superintendent of Health, Providence, R. I. 
t Board of Health Report of Brookline, Mass., 1900. 
§ Kober, Zeitscbrift f . Hygiene, 1899, Bd. xxxi. 
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HiBBERT WlNSLOW HiLL, 

Bacteriologist, Boston (Mass,) Board of Health, Secretary 
of the Committee. 
Samuel W. Abbott, 

Secretary, Massachusetts State Board of Health. 
F. H. Baker, 

Bacteriologist, Worcester (Mass.) Board of Health. 
Francis P. Denny, 

Bacteriologist, Brookline (Mass.) Board of Health; Assist- 
ant in Bacteriology, Harvard University. 
Frederic P. Gorham, 

Bacteriologist, Providence (B. I.) Board of Health; Asso- 
ciate Professor of Biology, Brown University. 
William H. Gove, 

Salem (Mass.) Board of Health. 
Arthur Hudson, 

Bacteriologist, Newton (Mass.) Board of Health. 
Thomas B. Shea, 

Chief Medical Inspector, Boston (Mass.) Board of Health. 
Theobald Smith, 

Bacteriologist, Massachusetts State Board of Health; Pro- 
fessor of Comparative Pathology, Harvard University. 
F. F. Wesbrook, 

Bacteriologist, Minnesota State Board of Health; Pro- 
fessor of Pathology and Bacteriology, University of 
Minnesota. 

(Dr. Wesbrook modifies his assent as follows: for Conclusion II he 
would substitute, "It may sometimes be impracticable to isolate from the 
public all the well persons in infected families, schools, and institutions, 
though it should be done as a routine if at all possible." He also adds, 
'^Sometimes it is necessary to isolate, at least temporarily, patients who 
have sore throats in which types of bacilli not represented by A, C, and D 
are present.") 
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DIPHTHERIA FROM A BACTERIOLOGICAL POINT OF VIEW.* 

BY lEVING A. WATSON, A. M., M. D. 

It is a fact that the termination of a case of diphtheria cannot be prog- 
nosticated by the character of the bacilli; that the disease may be of the 
mildest or the most virulent type; that the bacilli may be present in the 
throats of healthy persons without doing them harm; that while the micro- 
scope may differentiate certain forms of the Klebs-Loeffler bacilli, experi- 
mental inoculations only can determine their virulence; that virulent 
bacilli sometimes produce only the mildest type of diphtheria; that a case 
clinically appearing to be diphtheria may be due to some other form of 
infection. 

Strassburger, of Bonn, Germany, agrees with other observers that cul- 
tures from each case of diphtheria have a distinct toxin-producing power,, 
and that this remains constant, even after a long period of time. In 
investigating an epidemic in his own city in which the fatality was un- 
usually light, he isolated in pure cultures the bacilli from forty-seven cases^ 
and in forty-three of the number he established the virulence of the bacilli 
by inoculative experiments. He also found that there was no special re- 
lation of virulence to the severity of clinical symptoms, and his conclu- 
sions were that the mildness of the epidemic had no relation to the viru- 
lence of the bacteria found, that it must be sought for in other causes. 

Ernst says: "All of these investigations point to the same final con- 
clusions: that the bacilli of diphtheria, even in the mildest cases, and 
without any clinical symptoms and also outside of the body, have a 
definitely stable virulence, and provided they fall upon suitable soil,, 
are capable of setting up the so-called diphtheritic process, which is modi- 
fied only by the physical condition of the person^s organism so attacked.'^ 

In a tangle of seeming incongruities these writers, and others, have 
apparently lost sight of the actual value of the laboratory in differentiat- 
ing the particular infection in clinical diphtheria. 

Rupp,t in discussing these various phases in an ably written paper,, 
throws perhaps unintentional discredit upon laboratory work in stating 
that "The routine bacteriological examinations as practiced at the present 
time in this city (New York) do not seem to be a help in the diagnosis of 
clinical diphtherias, nor do they help to prevent the spread of contagion.'^ 

Such an observation may lead some to believe that bacteriological 
examinations are next to worthless in themselves, and that the health 
department does not take notice of reported cases of diphtheria — an infer- 
ence which we cannot believe was intended, but, nevertheless, the dis- 
credit thrown upon bacteriological work will be protested against both 
by clinicians and bacteriologists. 

•Bead before the New Hampshire Medical Society, May 16, UK)2. 
t Medical Record, November 9, 1901. 



MISCELLANEOUS PAPERS. 198 

Whenever a bacteriological examination reveals the Klebs-Loeffler ba- 
cilli, the physician then knows positively that he has in hand a case of 
^phtheria, after which it becomes his duty to treat it as such, and to 
"take no chances by waiting to ascertain through perhaps sad clinical 
experience the virulence of the bacilli. The health officer also is posi- 
tively informed of the true nature of the disease, and he should take, 
immediately, the necessary precautions to prevent the spread of the 
xnalady. 

The laboratory would have accomplished a function to its everlasting 
credit if it had done nothing more than to bring this early positive infor- 
xnation to the physician and the health officer, however mild or virulent 
t:he case might be. 

In discussing the subject of bacteriological diagnosis. Park says,* in 
speaking of the mild cases which it is difficult to differentiate, that bac- 
"teriological cultures "are of the utmost value, since they enable us to 
isolate those in which the bacilli are found, and to give preventative in- 
jections of antitoxin both to the sick and those in contact with them, if 
"fchis has not already been done. As a rule, cultures do not give us as 
xnuch information as to the gravity of the case as the clinical appearance, 
for by the end of twenty-four to forty-eight hours the extent of the 
disease is usually easy of determination.^^ 

The Bulletin of the Delaware Bacteriological and Pathological Labora- 
tory, in discussing the importance of bacteriological examinations with 
respect to making positive diagnosis in suspected cases of diphtheria, says: 
^^The value of such examinations is incalculable. If the physician sends 
to the laboratory a cotton swab which has been rubbed over the membrane 
or inflamed portion of the throat, the laboratory may or may not prove 
the presence of true diphtheria. If the result is positive the case is one 
of diphtheria, and is at once to be treated with antitoxin and isolated to 
prevent infection of others. If, on the other hand, the case is negative, 
the antitoxin treatment would be useless. Thus the physician knows 
exactly what to do, and works with a scientific certainty. 

"Again, it has been found that certain forms of mild sore throat, which 
few physicians would easily recognize as diphtheria, are often associated 
with the presence of diphtheria germs. The true nature of such cases 
needs to be recognized, and the laboratory alone can settle the question.*^ 
Fussell, in discussing the value of throat cultures in diphtheria, saysf 
that it would seem to follow that Klebs-Loeffler bacillus must always bo 
found in a culture made from diphtheria, and conversely, in membranous 
exudates which are not true diphtheria, Klebs-Loeffler bacillus should 

•Note: Bacteriology in Medicine and Surgery, page 877. 

t Journal of the American Medical Association, NoTember 16, 1901. 
13 
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never be found, and that this proposition is true in a vast majority of 
cases; but not always so. Even in a ease of true diphtheria the bacillus 
may not grow in the culture made, and, secondly, that sometimes a bacillus 
that is extremely like that of true diphtheria, if not so, is found. 

Another condition which he says he believes discredits, to a certain 
extent, the results of a bacteriological examination is to be found in those 
cases in which there are no classical, clinical signs of diphtheria, but in 
which true, active, virulent diphtheria bacilli are found, and that this 
class of cases is large. 

Jacobi recognized this when he said: "There are more cases of diph- 
theria walking our streets than are confined to the houses." While this 
assertion may, perhaps, be overdrawn, it illustrates the fact that he recog- 
nized walking cases of diphtheria as not at all uncommon. 

Osier says:* "The presence of Klebs-Loeffler bacillus is regarded by 
bacteriologists as the sole criterion of true diphtheria, and as this organ- 
ism may be associated with all grades of throat affections, from a simple 
catarrh to a sloughing, gangrenous process, it is evident that in many 
instances there will be a striking discrepancy between the clinical and the 
bacteriological diagnoses. One inestimable value of the recent studies has 
been the determination of the diphtheritic character of many milder forms 
of tonsilitis and pharyngitis." 

Still further considering the diagnosis of diphtheria, he says: 

"Where a bacteriological examination cannot be made, the practitioner 
must regard as suspicious all forms of throat affections in children, and 
carry out measures of isolation and disinfection. In this way alone can 
serious errors be avoided. It is not, of course, in the severer forms of 
membranous angina that mistake is likely to occur, but in the various 
lighter forms, many of which are in reality due to the Klebs-Loeffler 
bacillus." 

Haven, in writing on the prevention of disease,f in reviewing diphtheria 
in its various phases, says: "It is impossible, too, to deal with diphtheria 
as it should be dealt with without the aid of bacteriology. This com- 
paratively recent aid to diagnosis and control of the infective period, is, 
however, comparatively little used; yet it is only since we have had its 
assistance that we have been able to definitely decide that many cases of 
apparently simple sore throat are really diphtheria, and to recognize the 
infective nature of nasal cases without symptoms. The importance of 
being able to detect and deal with these ambulatory cases need hardly be 
pointed out, nor need the advantage of knowing when infection ceases; 
to these ends bacteriology is absolutely essential." 

*The Principles and Practice of Medicine, Fourth Edition. 
t Public Health (London), March, 1902. 
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OTHER INFECrriON^ SIMULATING DIPHTHERIA. 

It has been demonstrated by repeated bacteriological examinations, 
under conditions that insured the accuracy of the investigations, that 
many mild cases and some fatal ones having clinically the appearance, 
symptoms, etc., of diphtheria do not reveal the existence of the bacillus 
of diphtheria, but are due to some other form of infection. Oases ap- 
pearing to be malignant diphtheria, terminating fatally, may result 
without the presence of the bacillus of diphtheria, the infection being due 
to some of the pyogenic cocci. 

The streptococcus pyogenes is not only responsible for erysipelas, acute 
abscesses, septicaemia, puerperal fever, and many suppurative inflamma- 
tions located in any or all parts of the human system, but it is, either alone 
or in conjunction with staphylococci, pneumococci, and perhaps other 
cocci and bacteria, the cause of many of the anginas, to determine which, 
or to exclude the bacillus of diphtheria, the bacteriological examination is 
imperative. 

In the form of infection just referred to, the throat may present the 
false membrane, the systemic poison, the fetor of septic diphtheria, and 
yet the cause may be wholly free from diphtheritic infection. 

The clinical symptoms of diphtheria which so frequently appear in 
scarlet fever, are almost always pseudo-membjanous inflammations, re- 
sulting from the presence of streptococci. In fact we are safe in asseri;- 
ing, with our present knowledge of the subject, which has been obtained 
by long-continued and careful research by some of the ablest observers in 
this and other countries, that a certain diagnosis in the anginas cannot be 
made independently of the bacteriological determination of the form of 
infection. 

Sternberg says:* "In certain forms of diphtheria, and especially when 
it occurs as a complication of scarlet fever, measles, and other diseases, 
the Klebs-Loeffler bacillus is absent, and a streptococcus, which appears 
to be identical with the streptococcus pyogenes, is found in considerable 
numbers, and is probably the cause of the diphtheritic inflammation.^^ 

In pelvic disturbances resulting in inflammatory or suppurative pro- 
cesses, gynecologists who avail themselves of the most recent advancement 
in treating this class of diseases, make use of bacteriological investigations 
to determine whether the infection is from gonococcus, staphylococcus, 
bacillus tuberculosis, colon bacillus, streptococcus, etc., for the purpose of 
guidance in the most efficient means of treatment. f 

Equally important, if not, in fact, much more important, is it to deter- 
mine the form of infection in the anginas for remedial purposes, to say 
nothing of limiting the infection of the disease. 

* Text-Book of Bacteriology, Second Edition, pagre 226. 

tAUaben. The American Gynecolosrical and Obstetrical Journal, November, 1901. 
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NEGATIVE CULTURES. 

In referring to this subject an eminent authority* already quoted says 
that ^*the reported absence of bacilli in a culture must be given weight in 
proportion to the skill with which the culture was made, the suitableness 
of the media, and the knowledge and experience of the one who examines 
it." He ought also to have added that the manner in which the swab is 
used to entrap the bacilli is an equally important matter. Continuing, 
he says: 

"Diphtheria does not occur without the presence of the diphtheria 
bacilli; but there have been many cases of diphtheria in which, for one or 
another reason, no bacilli were found in the cultures by the examiner. 
In many of these cases later cultures revealed them. 

"In a convalescent case the absence of bacilli in any one culture indi- 
cates that there are certainly not many bacilli left in the throat. Only 
repeated cultures can prove their total absence." 

In discussing the subject of diphtheria Ernst saysrf "The study of 
virulence has been made by a number of observers, and it was easily noted 
that even in acute cases the virulence differed in a marked degree, and it 
was further observed that absence of diphtheria bacilli in one culture 
did not suffice to prove that the bacilli might not be found, and be found 
virulent^ in a later culture." 

Dr. H. W. Hill, director of the Boston bacteriological laboratory, in 
1899 reported about four per cent of cases as negative on the first exami- 
nation and positive on the second, and in commenting on this says that 
"a single negative result, and even occasionally two successive negative 
results, may be obtained from a case in which baciUi, nevertheless, are 
finally found." 

Dr. George Blumer, director of the Bureau of Bacteriology and Pathol- 
ogy, ISTew York, says: J "Do not rely on single samples of tuberculosis or 
diphtheria matter, but send others at intervals of a few days." 

The number of bacilli in a very mild case of diphtheria, or at the first 
onset of the disease, in the throat of patients after all clinical symptoms 
of the disease have disappeared, or in a healthy infected throat, must 
necessarily be infinitely less than during the course of the disease, and 
they may be practically hidden in the folds, or follicles, of the mucous 
membrane, and for this reason negative cultures may be obtained pri- 
marily, or intervene between positive cultures. 

* Park. 

t Twenty-sixth Annual Report of the Health Department of the City of Boston, 1897, 
page 68. 

t Medical Review of Reviews, November 2, 1901, page 1016. 
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EXAMINATIONS FOE EELEASE OP QUABANTINE. 

It is important for the patient, the family, and the health officer to 
know just when a case of diphtheria may without danger be released from 
quarantine. 

It has been the custom in the past to fix an arbitrary period of from 
four to six weeks for the maintenance of quarantine, the maximum vary- 
ing somewhat with the severity of the disease. This method is unscien- 
tific, and in its place should be substituted, as far as practicable, the cul- 
ture method of determining when a case may be released. 

The question of the virulence of the bacilli found in the throats of per- 
sons during convalescence, or immediately after recovery, is of considerable 
importance. In 1897, uiider the direction of Dr. Ernst,* culture tests 
were made in twenty-four cases that had been reported as positive for 
three weeks or more, and for which cases release was asked on the ground 
that the clinical symptoms had completely subsided. Inoculation experi- 
ments were made with guinea pigs, resulting in over 67 per cent of fatal 
^ases, while others showed marked constitutional disturbances, and some 
-of the animals were so sick that death was expected daily. A most viru- 
lent type of the disease was manifested in all but two of the cases. 

Dr. W. H. Park, of New York, in a study of 605 cases to note the 
appearance of bacilli after the disappearance of clinical symptoms, says 
that in three or four cases they disappeared in three days; in 176 they per- 
sisted seven days; in 65, twelve days; in 36, fifteen days; in 12 cases, three 
weeks; and in 4 cases, five weeks. 

Fowler and Wilson, in a circular of the New York board of health, 
1896, stated that it was their observation that from the beginning of the 
-disease, 30 per cent of the cases last three weeks or more; 15 per cent, four 
weeks or more. 

Dr. Ernst found that of 909 diphtheria cases, but twenty-three patients 
were kept in quarantine over four weeks. 

Additional statistics might be cited to prove the correctness of this posi- 
tion, but it would seem to be unnecessary. 

INTERPEETATION OF EESULTS. 

If a culture from the throat of a patient who appears, clinically, to have 
diphtheria, reveals the Klebs-Loeffler bacillus, there can be no question as 
to the diagnosis; but should the culture prove negative, instead of posi- 
tive, the physician should in every instance regard the result as value- 
less, and should not permit it to warp his judgment or treatment of the 
case from a clinical point of view. The physician who relies upon a pri- 

• Twenty-sixth Annual Report of the Health Department of the City of Boston, 1897, 
page 68. 
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mary negative result for a diagnosis of his ease, may find himself in serious 
trouble, with, perhaps, a most malignant type of diphtheria on his hands 
a few days later. 

We desire to impress this upon the profession, inasmuch as the experi- 
ence at the New Hampshire Laboratory of Hygiene, covering over a 
thousand examinations in suspected cases of diphtheria within a year, 
shows that in a large percentage of those in which the primary examina- 
tions resulted negatively, a second culture was not taken, the physician 
evidently relying upon the first result, and believing it to be a sufficient 
guide. Or, if his case proved unfortunate, he charged it to the laboratory. 

We believe that negative results should not be relied upon in any case 
of angina short of two or three examinations, made on successive days, 
and the culture taken in accordance with the directions issued, in order to 
prevent the specimen from being vitiated by the use of disinfectants im- 
mediately before it is taken, and that the operation may be properly per- 
formed. 

Time does not permit a discussion of the morphology of certain bacteria 
associated with the various anginas, or the consideration of some other 
points in connection with the etiology of the various affections which 
closely simulate diphtheria; but we offer in conclusion the following 
propositions, as substantiated by clinical experience and bacteriological 
investigations: 

1. That true diphtheria cannot exist without the presence of the 
Klebs-Loeffler bacillus, and that no case can be absolutely diagnosed as 
diphtheria until this bacillus has been demonstrated. 

2. That membranous anginas of sufficient severity to cause death may 
be produced by the streptococcus pyogenes, the micrococcus of sputum 
septicaemia, and perhaps by other varieties of bacteria. 

3. That without a bacteriological examination, the form of infection 
cannot be determined, or, in other words, the clinical appearance of a case 
does not always, if ever, reveal its true character, although presumably the 
clinical diagnosis is correct in a majority of cases. 

4. That a bacteriological examination should be made in all cases when 
practicable, and that negative results should not be taken into account 
unless at least two or three are obtained on successive days. 

5. That all cases having the clinical appearance of diphtheria should 
be treated as such from the beginning and until contra-indicated by suc- 
cessive negative examinations. It is, of course understood that one posi- 
tive result is conclusive for diagnostic purposes. 

6. *That anginas not dependent upon the Klebs-Loeffler bacillus do 

•This proposition was intended to be general in its application when written, but the 
writer would amend it by adding: BtU following all fatal anginas disinfection should be thor- 
ouffhlp performed. 
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not require the establishment of a quarantine, or the attention of the 
health oflBeer. 

7. That bacteriological examinations for release from quarantine would 
insure better pul)lic protection against this disenge, would shorten the 
average period of isolation, and materially lessen the expenses in a great 
majority of eases. 

8. That while laboratory examinations do not furnish an inflexible or 
infallible guide to the physician, they are a great aid to him in arriving at 
a correct conclusion in the case; in furnishing grounds upon wliich to 
make more positive assurances to the family; in strengthening his convic- 
tions as to the best line of treatment; in showing the health officer the 
necessity or non-necessity for isolation; in indicating when cases may be 
released from quarantine, and, in fact, in placing the entire management 
of the disease upon a more scientific basis. 
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THi: BACTEEIOLOGY OF OUR MOST GOMMOX DISEASES.* 

BY PROF. H. N. KINGSFORD, M. D., BACTERIOLOGIST STATE LABORATORY 
OF HYGIENE, DARTMOUTH MEDICAL COLLEGE, HANOVER, N. IT. 

The object of this paper is to emphasize that knowledge which is essen- 
tial to a rational prophylaxis against the spread of the infectious diseases 
which most commonly come under our care, such, for instance, as that 
relating to the agents concerned in their causation; when and where such 
agents are to be sought for; the manner in which they are expelled from 
the diseased and received by the healthy body, and the steps to be taken 
to prevent their spread. It will be impossible in the time allowed to more 
than briefly go over some of the most important points in connection with 
these diseases. We will consider the diseases: Typhoid Fever, Scarlet 
Fever, Diphtheria, and Tuberculosis. 

1. Typhoid Fever. 

Causes. — The Bacillus typhosus is a short, actively motile, flagellated, 
non-spore-forming, non-liquefying rod, varies much in length and has 
rounded ends. It grows at ordinary temperature, but best in the incu- 
bator at 37° C. It is destroyed in ten minutes by a temperature of 60° C. 
It is not destroyed by freezing. When inoculated into animals the results 
are very irregular. By none of the ordinary methods of inoculation are 
conditions produced in animals that are in any way, either clinically or 
pathologically, comparable to those found in the human being suffering 
with typhoid fever. This disease is in all probability confined exclusively 
to man. 

Mode of Dissemination. — The specific micro-organism causing the 
disease is contained in the discharges from the bowels of typhoid patients, 
and is generally present in the urine also, and it is manifest that all sub- 
stances with which these substances come in contact may become speci- 
fically contaminated and be capable of conveying the disease. Typhoid 
fever is disseminated in a variety of ways, but most frequently through 
the water, the soil, and through green vegetables, salads, etc., that are 
eaten raw and that have been fertilized by human manure. It is not 
infrequently disseminated by milk which has become infected as a result 
of the use in the dairy of water polluted with typhoid evacuations. Atten- 
tion has been recently directed to raw oysters as a possible dissemination 
of this disease. The refuse of food that has been used by typhoid patients 
should be looked upon with suspicion, and should under no conditions be 

♦Read at the School of Instruction for Health Officers and Sanitary Conference, 1902. 
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eaten by those in attendance. There is no evidence that the disease is 
disseminated through the air. Milk and other foods may be infected by 
insects that have been in contact with fresh typhoid stools, and thus 
become the means for conveyance of infection. Typhoid infection of a 
water supply, which is the most common channel of infection, may be 
<iirect or indirect. Direct infection occurs through the entrance of ordi- 
nary sewage containing the essential organism, or of faeces or urine dis- 
<jharged along the bankg of a river or lake by persons suffering with or 
oonvalescent from the disease. Indirect infection occurs from discharges 
<Jeposited in or upon the soil and thence washed by rain into bodies of 
^water, or downwards into wells. Ordinary sewage pollution is not sufifi- 
<3ient to bring about an outbreak of the disease, nor will specific pollution 
necessarily always be followed by the occurrence of cases. The specific 
organism has only a limited tenure of life and, in the absence of conditions 
ifavorable to its existence, it may perish before it reaches the consumer. 
II\Ioreover the number of organisms present may be very small and the 
effects produced so slight as to occasion no great notice. It is to be borne 
an mind that not every mouthful of a polluted water supply contains the 
^DrganisiDs, and that not every person into whose system it gains access must 
aiecessarily come down with the disease. Until quite recently it has been 
supposed that the infecting organisms had their origin only in the faeces 
of pre-existing cases, but it is now known that this is far from being the 
oase, and that they exist in the faecal discharge only during the early 
■stages of the disease, or up to the twentieth day, or perhaps even somewhat 
later. Petruschky has shown that the urine may contain millions of living 
T)aciili in each cubic centimetre and that they may appear for many weeks 
^nd even after convalescence is well established. They may appear as 
<arly as the fifteenth day, when perhaps they are no longer demonstrable 
in the faeces. Dr. M. W. Richardson found them in very large numbers 
^nd in practically pure culture in the urine of nine out of thirty-eight 
patieuts. They appeared late in the course of the disease and continued 
io be eliminated in several of the cases after discharge from the hospital. 
It appears then that an apparently well person is capable of infecting a 
water supply to a greater extent and with less optical evidence, or none at 
all, by a discharge of urine into a water-course than an evidently sick one 
by a deposit of his faeces into it or upon its banks. Whatever the mode of 
infection of a public water supply, the results, if any, are seen in an 
increase in the number of cases ordinarily occurring in the community 
supplied, and, except in those instances when the disease is spread by shell- 
fish or other foods, any considerable augmentation of cases points unmis- 
takably to the consumption of polluted water even though the system of 
filtration is followed. In the latter instance, investigation will almost 
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always certainly show some defect in the filters, or that their capacity has 
been overtaxed. Even after the subsidence of the outbreak, the diseetse 
may continue to be more prevalent than usual for some little time, espe- 
cially in the absence of a proper system of sewerage. 

PoiiTAL OF Infection. — The disease is not contagious but infectious. 
It is not spread by breathing the same atmosphere with the typhoid 
patient. Infection occurs by way of the alimentary tract; that is, it results 
from actually swallowing materials that have come directly or indirectly 
from the bowels of an individual affected with the disease. We have no 
evidence that it occurs in any other way. 

Prophylaxis. — It is now generally recognized that the most potent 
factors in diminishing the widespread occurrence of this disease in com- 
munities are an unpolluted general water supply and a reliable system of 
sewage disposal. The conspicuous decline in the mortality from typhoid 
fever that has followed the adoption of such measures in many of the 
larger cities and towns can leave little room for doubt as to the correct- 
ness of this view. In districts where the water supplies are obtained from 
shallow wells there is probably no more active cause of the spread of this 
disease than the pollution of the soil by cesspools and privies. In such 
localities the soil is often saturated with the contents of privies into which 
not only normal intestinal contents find their way, but also the evacua- 
tions of individuals suffering from the malady > It is therefore plain that 
the most important domestic prophylactic measures consist in the disinfec- 
tion of the bowel-discharges from all suspicious cases of intestinal trouble, 
and the subsequent disposal of such discharge by some method that will 
remove them quickly and completely from the neighborhood of human 
habitation. This latter is to be accomplished in cities only by means of 
an efficient sewage system. In the country, where sewers dio not exist, 
reliance must be placed in the disinfection of the stools and their final 
disposal upon the soil. A good method of disinfecting stools and urine is 
to mix with each specimen double its volume of freshly prepared milk of 
lime, or double its volume of 1 per cent chloride of lime solution, or double 
its volume of 5 per cent carbolic solution, or pour upon the specimen three 
times its volume of boiling water. In either case cover the vessel and 
allow it to stand in a safe place for from one to two hours before it is 
emptied. This point cannot be too strenuously urged, as the stools and 
urine of typhoid patie,nts are the only known source of the disease, and, 
as they are easily rendered inert, a good deal may be done in reducing the 
frequency, of this disease by careful attention to this point. This disease 
occurs in all countries, perhaps more frequently in temperate than in coun- 
tries presenting the extremes of atmospheric heat and cold. It is a disease 
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of late summer and early autumn, the greatest number of cases usually 
occurring between the latter part of July and the early part of October. 
Men are somewhat more frequently affected than women. It is a disease 
of early adult life. Though endemic in all countries, it often occurs in 
epidemics. A great deal of valuable information can be had by studying 
some of the large epidemics, as, the Lansen in Switzerland, the Plymouth, 
Pa., epidemic, 1885, the Philadelphia epidemic, 1898, and others. 

2. Diphtheria. 

Cause. — Diphtheria results from the pathogenic activity of the Bacil- 
lus dipMlierice, or the Klebs-Loefiler bacillus. Diphtheria is an infectious 
disease which is also generally regarded as contagious. Klebs-Loeffler is 
a non -motile, non-liquefying, non-spore-bearing organism, and is con- 
spicuous for the irregularity of its morphology. It grows rapidly on most 
of the ordinary culture media when kept at the body temperature. It is 
not readily destroyed by dr^dng and when dried it has been known to 
retain its vitality for fourteen weeks. It is readily destroyed by both heat 
and chemical means. Its thermal death point at 58° C. is ten minutes. 
It is destroyed in cultures by the direct action of sunlight in from 35 to 40 
minutes. In human diphtheria and in the experimental form, the specific 
organism is usually found only at the local site of disease. It is. to the 
a<3tion of these poisons that the symptoms seen in diphtheria are due. 
The disease has been known since the time of Galen. It has been ob- 
served in practically all countries. The disease is more common in cold 
and temperate than in hot climates. It prevails much more extensively 
during the autumn and early winter than at other seasons. It is endemic 
in cities; it frequently appears in an unusually severe epidemic form in 
country districts. It occurs at all ages; the greatest number of cases fall 
between the third and the sixteenth years. 

Modes of Dissemination. — Though contagious, it is nevertheless 
probable that the disease is never contracted by simply breathing the air 
of rooms occupied by diphtheritic patients, for the reason that the specific 
micro-organism is not contained in the breath of the patient, and is not 
eliminated in that way. It is, however, dislodged during coughing, sneez- 
ing, gagging, along with minute particles' of false membrane from the 
throat. Nurses and physicians are especially liable to have bits of mem- 
brane coughed into their faces during the usual manipulations about the 
throat of the patient. It is accidents of this kind that make the duties of 
attendants on diphtheria patients particularly dangerous, and it is among 
such attendants that instances of direct infection occurring in this way 
are frequently observed. It is also to be noted that the bacillus of diph- 
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theria is not readily destroyed by drying, and that when dislodged from 
the throat in bits of false membrane it may retain its vitality for a long 
time. When such particles of dried membrane are disintegrated, dissemi- 
nation may occur through the breathing of air laden with this infective 
dust. [N'apkins, cloths, towels, handkerchiefs, etc., etc., on which saliva 
from the patient has been allowed to dry, may serve in this way to spread 
infection. Through inattention of the hands, soiled while working about 
the patient, the disease may readily be spread. In short, all modes of 
immediate contact with the diseased person offer opportunities for infec- 
tion. There is a pretty widespread belief that domestic animals are 
instrumental in spreading the disease. These views are probably erron- 
eous. It must be said, however, that cats are reported to have suffered 
from diphtheria contracted from human beings. A number of epidemic 
outbreaks of the disease have been traced to the milk supply of those 
affected. This has given rise to the supposition that the cattle from which 
the milk was obtained were diphtheritic. There is no trustworthy evi- 
dence that cattle ever suffer spontaneously from a disease capable of trans- 
mitting diphtheria to man. When "milk epidemics" do occur, they are 
probably in all cases due to contamination of the milk with the genuine 
diphtheritic virus from human sources, from the family, or the dairyman, 
or from some of the others through whose hands it passes before reaching 
the consumers. There is no evidence to support the opinion that the 
disease is disseminated by the water. Neither is there any evidence that 
the disease is spread by the air of drains and sewers. Where, through 
defective plumbing, there is a direct passage of the infective materials 
thrown into closets and sinks through leaks in the soil-pipes, it is manifest 
that the disease may be spread by such materials finding their way into 
other parts of the building and not into the sewers as intended. All 
statistics show that those constantly engaged about sewers are not more 
liable to infective diseases than others. 

Portals of Infection. — For faucial diphtheria the portals of infec- 
tion are the nose and mouth. Diphtheric inflammations, etiologically 
identical with diphtheria, are occasionally observed in other localities, 
namely, on other exposed mucous surfaces, a^ conjunctiva, vagina, and 
upon wounds of the skin that have become infected with the specific diph- 
theria virus. During the course of the disease in the throat, self infection 
of wounds on exposed surfaces of the body are not rare. Infection of the 
nasal mucous membrane often results in a more or less chronic process, 
although the acute maijifestation of the disease is likewise observed in 
this locality. 
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Peophylaxis. — The most modern, and certainly the most important, 
prophylactic measure is that through which a condition of immunity from 
the disease is afforded by the subcutaneous injection of the blood-serum 
from an animal that has been artificially rendered highly inmiune from 
the poison of diphtheria. As the immunity thus induced is not per- 
manent, lasting for but a few weeks at the most, this procedure is only 
employed when healthy persons are directly exposed to the disease, espe- 
cially in the case of the well children vof a family in which the disease is 
present. As the site of the infection is the local area of diphtheritic in- 
iammation, it is plain that all objects in any way contaminated with mat- 
ters from this area are infective and should be scalded as soon as removed 
irom the patient. These patients should be provided with separate eating 
"utensils, which should be scalded, after each meal. The refuse from meals 
should be scalded with boiling water. Soiled bed and body clothing 
should be scalded before the secretions are permitted to dry upon them, or, 
^hen this is not practicable, the soiled areas should be moistened with 3 
per cent carbolic acid, or 1 : 1,000 corrosive sublimate solution. Nurses 
and physicians should guard against infection by thoroughly washing and 
disinfecting the hands immediately after manipulating the patient. 
IVliile spraying or otherwise attending to or examining the throat, a cot- 
ion mask, moistened with either of the named solutions, should be worn; 
"this is to guard against infection that might otherwise result from bits of 
membrane being coughed into the mouth, nose, or face. These patients, 
when possible, should occupy a room in an unfrequented part of the house, 
and siiould be isolated; that is to say, only those in immediate attendance 
should have access to the room, and all articles that have been about the 
patient should be scalded or otherwise disinfected before they leave the 
sick room. From the standpoint of prophylaxis, it is important to note 
that the diphtheria bacilli do not, as a rule, disappear from the throat with 
the disappearance of the false membrane, but often persist far into the 
period of convalescence. In the experience of the laboratories of the dif- 
ferent boards of health, it is found that the average period of persistency 
of diphtheria bacilli in the throats of convalescents from the disease is 
twenty-six days, reckoned from the date of establishment of the diagnosis 
by the primary bacteriological examination. Jn one case they were 
present after one hundred days, while in a few cases they have disappeared 
in seven days. Because of the persistence of the infective agent in the 
throat of these patients, convalescents from diphtheria are regarded as 
dangerous sources of infection until they are shown to be otherwise by 
bacteriological examination of the throat, and in no case should the 
quarantine be raised until the bacteriological report is negative. 
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3. Tuberculosis. 

Definition and Cause. — Tuberculosis is an infectious disease caused 
by the Bacillus tuberculosis, discovered by Koch in 1882. Opinions are 
somewhat at variance concerning the transmissibility of tuberculosis, par- 
ticularly the pulmonary form; but the bulk of evidence favors the opinion 
that the disease is contracted through continuous respiration of the air of 
apartments occupied by tuberculous individuals. 'Not that the consump- 
tive throws off with the breath, in the course of ordinary respiration, the 
specific bacillus of the disease, for this is not the case; but rather that by 
inattention to the proper prophylactic measures the sputum of such 
patients, which contains the living tubercle bacilli, is expectorated upon 
the floor, into napkins, or in undesirable places, becomes dried, ground 
into the dust, and in this form is inhaled by those in attendance upon the 
patient. When infection occurs, it is probably to be explained in this 
manner. The bacillus of tuberculosis is a slender, rod-shaped organism, 
usually presenting the appearance of being somewhat beaded. It is mo- 
tionless. It cannot be readily cultivated in the ordinary nutrient media, 
though it can be induced to grow on sterilized blood-serum, and then only 
at the temperature of the body. It is destroyed by the temperature of 
boiling water in a few minutes, and by lower temperatures also, but after 
a longer time. It is not destroyed by either drying or freezing. In the 
dry state it is much more resistant to heat than in the moist. 

Geographical Distribution, Race, Sex, etc. — The disease occurs in 
all countries, among all peoples, and at all ages. It is_more frequent in 
over-crowded than in sparsely settled localities, and somewhat more com- 
mon in low tiian in high altitudes. The American Indians and the negro 
races exhibit a marked susceptibility to the disease, as do offspring from 
commingling of the white and colored races. It is seen in many of the 
domestic animals, notably bo vines. It is quite common in pigs, rare in 
sheep, dogs, and cats. Many of the wild animals, in which tuberculosis 
does not occur while they are in their native state, develop the disease 
after confinement, especially the monkey and woodchuck. It is of the 
greatest sanitary importance to note the fact that, among the domestic 
animals in which the disease occurs, bovines, especially milch cows, are 
most often affected. 

Mode or Dissemination. — The part played by heredity in dissemi- 
nating this disease is most conspicuously exhibited in the perpetuation of 
a particular condition of vitality that renders the individual endowed 
with it susceptible to this form of infection. The frequency of tubercu- 
losis in the young of tuberculous parents cannot always be referred to the 
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congenital existence of the disease; in fact, authorities are pretty well at 
one in the opinion that this is rarely the case. It is more probably due to 
direct infection from parent to child through their very intimate associa- 
tion. It cannot be denied, however, that intra-uterine tuberculosis of the 
fetus is occasionally encountered. Every tuberculous individual is a 
source from which the disease may be further disseminated. This is con- 
spicuously true with regard to those afflicted with the pulmonary manifes- 
tations. The sputum of consumptives contains the tubercle bacillus in 
enormous numbers. When such sputum is allowed to dry and become 
ground into dust and is inhaled by those in the vicinity we see, most 
probably, the commonest mode of dissemination of consumption. The 
greater frequency of the pulmonary over the other forms of the disease 
speaks in support of this view. With tuberculosis of the genito-urinary 
tract the bacilli are found in the urine, while from intestinal tuberculosis 
they are thrown off with the discharges from the bowels. From skin-, 
tuberculosis, they escape with the secretions and with particles of skin. 
Ad. important factor in the dissemination of tuberculosis is its occurrence 
in certain domestic animals, especially those used as food. Tliough there 
is still a controversy with regard to the danger of infection from the use 
of flesh and milk of tuberculous animals, it should be borne in mind that 
the tubercle bacillus is found in both, and, so long as this is the case, these 
substances must be considered as possible disseminating factors, if not ren- 
dered harmless by thorough cooking. In addition there are a multitude 
of ways in which dissemination may occur when consumptives are closely 
and continuously associated with healthy individuals, as in the case of 
man and wife, of parent and child, of patient and nurse, etc. 

Portals of Infection". — The commonest portals of infection in man 
are the lungs, the alimentary tract, and wounds of the skin. The disease 
may be produced experimentally in susceptible animals in a variety of 
ways. Contrary to the general rule for pathogenic bacteria, the tubercle 
bacillus apparently has the property of passing into a resistant condition, 
analogous to that of the spore-stage within the living body. When thrown 
off from the diseased body these resistant forms of the bacillus survive the 
unfavorable conditions that they encounter, such as drying, low temper- 
ature, scarcity or lack of nutritive material, and retain the power of pro- 
ducing tuberculosis, when conditions favorable to the exhibition of this 
function again present themselves. Investigations show that the tubercle 
bacillus, in full possession of its pathogenic powers, may often be found in 
the dust of rooms occupied by tuberculous patients. There is some ques- 
tion as to whether flesh and milk of cattle affected with the pulmonary 
form of tuberculosis contain the tubercle bacillus, but there is no question 
that, through the careless handling of such flesh and milk by butchers and 
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dairymen, both meat and milk may become accidentally infected, and, if 
used in the uncooked state, may serve as sources of infection. Tubercu-. 
losis as a result of direct inoculation, through wound of the skin, is less 
important to man than the preceding modes of infection. When it does 
occur, the process is usually localized to the site of infection. 

Prophylaxis. — The most important prophylactic measure is through 
disinfection of the sputum and other discharges from persons suffering 
from the disease. The patient should be impressed with the fact that he 
is a possible source of infection, and that it is quite within his power to 
control the spread of the disease from himself by attention to a few simple 
details that will in no way interfere with his comfort. If he is suffering 
from pulmonary consumption, the sputum should be spat into covered ves- 
sels containing plain water which is subsequently to be boiled. Cheap 
paper sputum-cups that can be burned after use are now to be had of all 
druggists. The cups to receive sputum, other than those of paper, should 
be of china or enamelled ware, and should be thoroughly scalded with 
boiling water at least twice daily. When the patient is away from his 
apartments and cannot use the sputum cup, he should be provided with 
cheap handkerchiefs or napkins, into which he should expectorate, which 
should be burned after using. A very good form of handkerchief for this 
purpose is the paper Japanese handkerchief. All clothing soiled with 
tuberculous sputum should be at once removed and scalded. The con- 
sumptive should be provided with his own eating utensils and these should 
be used by him alone. The refuse from his meals should be burned. The 
living and bed-room of the patient should be kept scrupulously clean and 
should be frequently aired. Under no circumstances should spitting about 
the room be permitted. Dusting should not be practiced, but when neces- 
sary all objects should be wiped with a cloth moistened in 1 : 1,000 corro- 
sive sublimate solution. By thorough cooking tuberculous meat and milk 
are rendered free from danger. The slaughter of animals for public con- 
sumption should be under authorized inspection and control, and the entire 
carcasses of animals found to be tuberculous should be discarded and 
burned. Similarly dairy herds should be periodically inspected by quali- 
fied veterinarians and the sale of milk from all suspicious animals should 
be prohibited. 

4. Scarlet Fever. 

Definition, Cause, etc. — An acute, specific fever, characterized by 
the occurrence of erythematous rash upon the skin, and accompanied by 
sore throat of varying degrees of severity. In the present state of knowl- 
edge it can only be said that the exciting cause of scarlet fever is as yet 
unknown, and that there have not been any suggestions upon this point 
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that have met with general acceptance. It is contagious, though less so 
than measles. It occurs both sporadically and as epidemic outbreaks. It 
is most common during the first ten years of h'fe, though it is also seen in 
adults. It is not common in children under one year of age. It is a 
disease of autumn and winter and is known among peoples in all coun- 
tries. 

Dissemination. — Scarlet fever is probably contagious at all periods, 
but it appears to be especially so during the stage of desquamation. The 
morbific agent, whatever it is, is very tenacious of life and pathogenic 
powers, and may cling to clothing, furniture, and the like for very long 
periods, retaining its power to reproduce the disease under favorable cir- 
cumstances. Physicians, nurses, attendants, members of the family may 
carry the disease. Contagion may occur directly through the air of the 
sick rcom, and this is perhaps the commonest mode of transmission, espe- 
cially when the air is laden with the fine dust-like particles of skin shed by 
the patient during the stage, of desquamation. In the earliest stages it 
seems to be less contagious than later. There is no evidence that the 
disease is conveyed by water. There are a number of instances in which 
it has been carried by infected milk. 

Pbophylaxis. — The patient should be isolated in a room as scantily 
and simply furnished as circumstances will permit. Because of the ease 
with which the disease may be carried, only the physician, nurse, or imme- 
diate attendant should have access to the room; and because of the tenacity 
of life possessed by the scarlatina virus, great care should be given to the 
disinfection of all articles before they are permitted to leave the room. 
The entire surface of the body of the patient should be kept oiled with 
some antiseptic ointment to prevent the escape of particles of skin into 
the air. These precautions should be observed until desquamation is com- 
plete. After removal of the patient the room should be carefully disin- 
fected with formaldehyde gas. 

5. Measles. 

An acute febrile disorder characterized by the occurrence of coryza aAd 
an eruption upon the skin of small red papules. Measles is one of the 
most, if not the most, contagious of the acute exanthemata. Its cause 
has not yet been determined. It is a disease of the first five years of child- 
hood, though it is also occasionally observed in adults. The rarity of 
measles in adults is probably to be explained through the fact that prac- 
tically all children pass through the disease, and one attack usually pro- 
tects against subsequent infection. It is endemic in all civilized countries 
and occasionally breaks out in epidemic form. It is a disease of late 

14 
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autumn and early spring. It is directly conunnnicable from the sick to 
the well. Vigorous efforts are rarely made to prevent the spread of mea- 
sles. It is so eminently contagious that the usual efforts are considered 
of but little avail. The patient should be isolated and only the physician 
and nurse should have access to the sick room. After recovery the room 
and room furnishings should be thoroughly disinfected, aired, and cleaned, 
as after cases of scarlet fever. 
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SOME BACTEEIOLOGICAL MEIffODS OF INTEREST TO 

BOARDS OF HEALTH.* 

:by j\rthub k. day, m. d., bacteriologist state laboeatoby of 

hygiene, ooncoed. 

In cornection with the establishment of a state laboratory of hygiene, 
it has seemed to me that a brief discussion of bacteriological methods, and 
of what may reasonably be expected of the bacteriologist, might interest 
^ convention lilce the present one. I shall, therefore, try to give you a 
-clear idea of how the work is done, and what dependence may be placed 
"upon our results. 

First, regarding diphtheria and other affections characterized by a de- 
posit or membrane in the pharynx. For examinations in these cases, a 
culture upon artificial media is generally necessary before a definite opin- 
ion can be given. The culture outfit for use at the bedside is the sterile 
«wab of cotton on a wire, inclosed in a test tube with its end plugged with 
cotton and covered by a rubber cap to prevent drying. This swab is 
lubbed thoroughly over the suspected area, returned to the test tube and 
sent, inclosed in its wooden case, to the laboratory by express. 

I need not remind you that all disease germs are forbidden matter for 
the mails, so that practically the only materials that can come to us by that 
route are samples of blood for malaria or typhoid fever diagnosis. 

When the outfit reaches the laboratory, the infected swab is rubbed 
thoroughly over the surface of the blood serum in the culture tube, and 
placed at once in the incubator, which is kept constantly at the temper- 
ature of the body. Twelve or fourteen hours at that temperature produce 
a good growth of the germ of diphtheria, while other germs grow more 
slowly. After that period, therefore, the growth, smeared upon a glass 
slide, dried, and properly stained, gives usually a definite picture, from 
which we can make our diagnosis. In 5 or 10 per cent of our cultures that 
are negative upon the first examination, a positive result is obtained from 
a second culture; so a single negative result should not influence the phy- 
sician to change his diagnosis of diphtheria, when aU symptoms point to 
the existence of the disease. The bacteriologist, with no knowledge what- 
ever of a case clinically, should not be held responsible for the unfavorable 
ending, if a first examination does not reveal the bacillus of diphtheria. 
The laboratory of hygiene is not intended to take all responsibility from 
the shoulders of the attending physician, but acts as a consultant would 
act, in giving the benefit of bacteriological examinations. 

«Read at the School of Instruction for Health Officers and Sanitary Ck>nference, 1902. 
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Just a few words regarding "swaV* examinations, so called; that is, 
immediate examinations of the material from the swabs, smeared upon a 
glass slide and stained, without the delay of growing upon culture media. 
A certain proportion of positive diagnosis can be made by this method; 
but the experience of the Boston city laboratory in a considerable num- 
ber of examinations showed their ability to diagnose only about 60 per 
cent of cases that proved positive on subsequent culture. Therefore a 
negative result by this method is of no value whatever; and with the pres- 
ent arrangement at our laboratory, by which the express delivers all speci- 
mens received as late as 9 o'clock p. m., and the bacteriologist makes an 
evening visit at that hour, to see that all cultures are placed in the incu- 
bator, it seems to me that we get more satisfactory results. 

The examinations are made by nine or ten o'clock the following morn- 
ing, and can be reported by telephone or telegraph at once. 

Next in frequency and quite as important are the examinations for the 
presence of the tubercle bacillus. The bacteriologist makes these directly 
from the material sent, whether sputum, urine, faeces, or other suspected 
matter. The germ of tuberculosis possesses the property of resisting the 
action of acids upon it when once it is stained by the aniline colors, and we 
take advantage of this property in making our diagnosis of the disease. 
The rods will appear perfectly distinct and brightly stained in the dried 
specimen, aiter an application of aniline dye, followed by weak acid which 
decolorizes everything else in the specimen. The decolorized portions 
take up readily a contrast stain, which renders all the more distinct the 
tubercle bacilli. ISTow in the case of microscopic examinations of sputa or 
other material suspected of containing the germs of tuberculosis, a nega- 
tive result is to be viewed with even more skepticism than in the negative 
diphtheria culture, provided clinical symptoms persist and continue to 
arouse suspicion. Under such conditions, send repeated specimens from 
the same case until a succession of negatives or a positive result removes 
all doubt. For sending specimens in these cases the laboratory provides 
either the wide-mouthed glass vials, inclosed in a screw-cap wooden box, 
or the single wooden box coated inside with asphaltum or other impervious 
liquid to prevent the absorption of all moisture by the wood itself. A very 
small amount of sputa is sufficient, — what the patient would raise in 
coughing once or twice ordinarily. 

For the diagnosis of typhoid fever we use the Widal test, or serum reac- 
tion, so called. This test depends upon the fact that the blood serum 
from a typhoid fever patient, or one who has had typhoid recently, causes 
a peculiar clumping of the germs of typhoid in a broth culture of the latter. 
This necessitates the sending to the laboratory of a few drops of blood 
from the patient, either dried upon a glass slide, or in the small glass tube 
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of our outfit for this purpose, hermetically sealed with sealing wax. The 
latter method supplies us with a little fluid blood serum from the patient, 
and is rather more satisfactory than the practice of sending a dried speci- 
men of blood. This reaction is only demonstrable, as a rule, after the first 
week of the disease. 

The examination of drinking water to determine the presence or ab- 
sence of typhoid bacilli cannot be said to be perfectly satisfactory. True, 
the tests will show the germs if they are present in the specimen; but the 
amount examined is necessarily very small, and an undoubted source of the 
disease will generally fail to show a positive result. Bear in mind that a 
polluted stream will have two or three weeks to clear itself before the out- 
break of typhoid from its pollution causes it to be suspected as the source 
of the disease; and the dilution of the infectious matter will be something 
enormous. 

The recognition of the presence of the Bacilltts coli communis, the most 
irequent habitant of human faecal matter, is much more common, and is 
the strongest of proof of the contamination of the water by intestinal dis- 
-charges. 

Diagnosis of these three infectious diseases (diphtheria, tuberculosis, 
-and typhoid) forms the great mass of the work of a bacteriological labora- 
tory. I will only add that malaria is capable of recognition by an examina- 
tion of blood smears from a suspected case, which shows the presence ot 
the causative organism (the Plasmodium) in the red blood corpuscles. 
The outfit supplied by the laboratory for this purpose consists of several 
thin glass slides, inclosed in a small tin box. This may be sent by mail. 
In closing this brief paper, I have only to thank you for your attention 
-and to invite you all most cordially to make frequent use of the laboratory, 
■as occasion may arise in the communities which you represent. 
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CONSTRUCTIOlSr OF VILLAGE SEWERS.* 

BY ROBERT FLETCHER, PH. D., DIRECTOR THAYER SCHOOL OP CIVIL ENQI- 
NEERINO AND MEMBER N. H. STATE BOARD OP HEALTH. 

A generation ago the title of this discourse would have had but a faint 
interest for the average "New Hampshire village. Dr. William T. Smith, 
in a paper read here three years ago, has well stated the general situation 
of that period as follows: 

"Twenty years ago there was no sewer or public drain in the village 
except in one quarter where there were two covered stone drains. Sink 
water or other slops were distributed over the surface or collected in cess- 
pools. The old-fashioned back-house had no rival, and on the grounds 
of rich and poor bore its silent witness to the radical equality of mankind. 
The stone drains were ineffective and gathered fQth. Of course we had 
typhoid fever every fall. All New England and, indeed, all the temperate 
zones did and still do have it. Sanitary science may eradicate it in the 
future; it has not yet done so.^^ 

He then showed how, in the village of Hanover, private enterprise 
alone took the situation in hand, and at a small cost, reckoned in hundreds 
of dollars only, drained and purified the soil and practically abolished 
typhoid fever, as to any origination in the village. 

Today the increasing establishment of water supplies has compelled the 
construction of sewerage systems. Enlightened public sentiment and the 
better knowledge of sanitary laws, which our State Board of Health has 
done so much to promote, have almost removed the question of necessity 
of sewerage works from the region of debate. 

But, unfortunately, there is not yet in some communities a sufiicient 
appreciation of the true principles of construction of such works. It is 
a proverb that a man who tries to be his own lawyer has a fool for a client. 
As to some kinds of construction, however, too many individuals or com- 
munities think themselves quite competent to do their own engineering. 
Witness the money that is spent or wasted on badly designed water-works. 
Drain-pipe is now cheap; why cannot any level-headed- man dig a ditch 
and lay the pipe himself, so as to carry off his house drainage, or the sub- 
soil water from his land? The average person says to himself, "Of course 
I can.^^ But he usually finds sooner or later that experience and knowl- 
edge of principles govern even in such apparently simple undertakings, 
and that competent advice at first, even if it costs something, is cheaper 
in the end. The following papers in the Eeports of the New Hampshire 
State Board of Health are appropriate to this subject: 

*Read at the School of Instruction for Health Officers and Sanitary Conference, 1902. 
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"Homestead and Suburban Sewerage," by J. T. Fanning, C. E., in Re- 
port for 1883 (Vol. 3). 

"Sewerage of Two New Hampshire Towns" (Keene and Laconia), by 
George E. Waring, in Report for 1891 (Vol. 10). 

^^otes on the Sewerage of Rochester, N. H./' by E. W. Bowditch, Bos- 
ton, in Report for 1895 (Vol. 14). 

"Sewerage in Villages," by Dr. William T. Smith, in Report for 1897 
(Vol. 15), p. 193. 

These show in general terms what has been done and may be done in 
villages or towns to get effective sewer systems. The purpose of the 
speaker just now is to state a few simple but indispensable principles of 
construction, on which there must needs be ignorance, unless one has had 
opportunity to arrive at an understanding of them. Half knowledge on 
such points mars the full success of works of this character. 

1. The Proper System for a village of moderate size. This should 
usually be the separate system, — ^taking only house drainage. Storm 
water must be allowed to take its natural courses or be controlled by sur- 
face gutters and drains. 

2. Size of Pipe. — Much misconception on this point. The speaker 
has known of the use of 12-inch pipe for drainage of a small group of 
buildings. This is truly extravagant absurdity. A 6-inch pipe (glazed 
earthenware) on a slope of 1 to 100, IJ miles long, would serve 2,500 
people, allowing 50 gallons per day for each, and then fill the pipe usually 
only half fidl. An 8-inch pipe on same grade, 2 miles long, would serve 
5,000 people; or on a grade of 1 to 200, and 1\ miles long, would serve 
3,000 people. Too large a pipe does not work so well because the stream 
is always too shallow; to prevent deposits the depth of flow should be from 
quarter to half fidl at frequent intervals; this tends to keep the pipe 
clean. There is an example of an outlet pipe only 4 inches in diameter, 
laid across a low marsh with a fall of only 3 inches in 2,800 feet, and serv- 
ing more than 20 houses, which has worked without stoppage for many 
years. At times it must work under a head of water, and of course all rub- 
bish is excluded. However, a grade lower than 6 inches per 100 feet is 
not desirable, and 1 foot to 100 is ample for small pipe sewers. 

3. Absolute Uniformity oy Grade is essential. The sewage must 
be kept moving with as nearly a uniform velocity as possible. Hence a 
careful survey must be made, and accurate preliminary plans, so as to 
establish the lines and grades for the entire system, to be operated as a 
whole. Independent and unrelated sewers and drains in a village are sure 
to cause extra trouble and expense in the end, when the inevitable time 
comes for providing for proper disposal at a single point if possible. 
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4. Tight Joints. — It is a fundamental error to lay pipe sewers with 
the intention of admitting ground water. The speaker knows that this 
has heen common practice in the past, and is still being done in this state 
where those in charge have mistaken views on this question. Every joint 
should he cemented with cement mortar, — one part natural cement to one 
part of sand. Even so, when the utmost care is taken, joints will not be 
made tight under usual conditions of workmanship, and a very consider- 
able amoimt of ground water will find entrance into the pipe. Open joints 
allow more or less sewage to escape and pollute the soil, and in times of 
heavy rains more or less sand and fine soil will be carried in from the 
soaked ditch, and sometimes, in clay soil, gradually clog or fill the pipe. 
The speaker has knoA\Ti of a cellar drain so laid which was completely 
choked in a few years, and of a long 8-inch pipe sewer which was so far 
choked as to be incapable of carying off the discharge from a small motor. 
Again, if trees are anywhere near the line, the roots will quickly creep after 
the water and, if one rootlet gets in, the entire section of pipe will soon 
be filled with a clump of fine roots. 

5. Straight Lines and Manholes. — ^A proper lay-out' requires all 
parts of the system to be straight. All changes of direction should be 
made at manholes. Then, if by any chance stoppage occurs, it can be 
located from the manholes and removed through them by aid of proper 
tools. Lamp-holes left between manholes allow a closer location of any 
clog which may occur. It is true that, under certain favorable conditions 
of grade, curves in pipe sewers have worked well. The speaker is famil- 
iar with one system of 8-inch pipe which is without manholes and has a 
great deal of curvature, and yet there has been no stoppage in about twelve 
years. The laying, however, was constantly supervised by a civil engineer, 
and the grade of 1 to 100 was carefully made in favorable hard ground 
which could be paved with a shovel. But experience proves that such 
practice should not be general, especially if every house connection is not 
properly put in by a competent authorized person, and all rubbish ex- 
cluded from the main line by proper screens and traps. 

Usually the simple manholes needed are not very costly. For ordinary 
depths, $25 to $30 will meet all the expense of one, including $8 to $10 
for a suitably designed cast-iron cover. 

6. Cost. — The speaker is indebted to Mr. A. A. McKenzie, superin- 
tendent of buildings and civil engineer for Dartmouth College, for cost 
figures relating to some recent sewer construction: 

A branch line consisting of 1,519 feet of 8-inch pipe, 612 feet of 6-inch 
pipe, and 226 feet of 5-inch house connections, — 2,357 feet in all, — cost 
$571, which is at the rate of 24:} cents per foot, completed. Another line 
of 806 feet of 8-inch pipe and 653 feet of 6-inch pipe cost $341, or at the 
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rate of 2o\ cents per foot. A main line of 2,437 feet of 8-ineh pipe and 
969 feet of 10-inch pipe, with seven manholes from 5 to llj feet deep, 
cost $1,289, or at the rate of about 38 cents per foot. In Hanover 
a rental for each private connection is $6 per year. At proportional 
rates for large and small services the total rentals (and equivalent rentals 
for college buildings) amount to an income of about 10 per cent on the 
total cost of the entire sewerage system. There is almost no expense for 
maintenance or repairs. The cost of surveys, mapping, and estimates is 
not included in the above, but it was probably not over 4 per cent in any 
case. Therefore the cost need not deter any progressive community, es- 
pecially as such a system is always a valuable betterment to all the property 
served, and the universal experience is that a good sewerage system greatly 
diminishes the prevalence of typhoid fever, diarrhoeal diseases, and 
2iialaria. 

7. Flushing. — Flush tanks are not usually needed excepting in a flat 
region where the grades are low. Generally sufficient flushing can be had 
by use of rain water turned in by roof leader-pipes from a few houses suit- 
ably located along the line. Some object to the offense of sewer air at 
the upper windows of such houses, but if there are no dormer windows, 
there is no danger, and no noticeable odor. In Hanover the practice has 
worked well, and there has been ho complaint. 

8. Undebdrains. — In wet soil it is a common practice to lay a small 
tile drain, preferably alongside of the sewer pipe, at a little lower level, 
if practicable. It is very difficult to make the joints of such drains capa- 
ble of admitting the ground water without at the same time allowing 
sand and dirt to enter also, and so eventually clog the drain. The so- 
called open joints should be wrapped with thick paper or old cloth. Ex- 
celsior not twisted or compacted is nearly useless. Then the entire joint 
should be surrounded with fine gravel, with a layer of sand next to that. 
Unless great care is taken more or less soil from the ditch will be carried 
off in the drain and the ditch will be giving trouble constantly by settling 
and causing holes or depressions in the street. In some hard soils a sewer 
ditch, even without an underdrain, will drain off gradually considerable 
subsoil water, and the adjacent soil is thus made drier. 

9. Danger of Freezing. — Very small indeed. Sewage, even in mid- 
winter, usually has a temperature of 45° to 50° and that keeps all the 
surrounding soil warm. An exposed outlet must be protected enough to 
keep the frost out, so that the free outflow may not be checked. Hence 
three feet of cover is sufficient. But a sewer line within village limits 
usually has to be much deeper in order to have proper grades for house- 
connections. As illustrating the effective heat in sewage we may refer to 
the experience with the sewage filter-beds at South Framingham, Mass. 
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"A filter-bed with an area of seven eighths of an acre received no sewage 
from September until January 9. On this date there were eighteen inches 
of frost in the bed and ten inches of snow upon it, the thermometer reach- 
ing 6° F. below zero. On January 9, 300,000 gallons of sewage were ap- 
plied to the bed, and on January 10, 150,000 gallons. It is said that the 
effluent appeared in the underdrain in six hours after the application of 
the sewage. On January 11, the frost was, in places, out of the bed for 
its whole depth, and on January 12 it was nearly all' gone, and the sewage 
had disappeared from the surface. Temperature of applied sewage 50° 
F.'^ The case is far diflEerent with a water-main in northern "New Eng- 
land. The water from a pond or reservoir, from just under the ice, starts 
along the pipe with a temperature very near 39° F. Hence a short con- 
tact with a frosty pipe will freeze it. Therefore every water pipe and 
hydrant valve must be put deep enough to be out of reach of frost. The 
fiction that running water does not freeze has little or no bearing on this 
question. The water in house-service pipes may be stagnant for hours at 
a time; it certainly is so in hydrant connections; and the motion in a street- 
main is slow, excepting for short periods of time. 

10. Conditions of Success. — Careful planning by a competent engi- 
neer, and incessant supervision of the construction. Conscience must be 
a factor in the making of every pipe joint, so that there shall be no weak 
spots. Any slighting or slap-dash work will make a bad job surely, and 
may spoil it. Then there must be foresight to construct the system so 
as to be adapted to proper final disposal, even if it happens that that 
question may be postponed for the present. But disposal is a very large 
problem, which we are not now considering. 

These are very commonplace and simple principles, but probably not 
familiar to many in the audience; and, whether so or not, will bear em- 
phasis and reiteration, because they are vital to the success of these under- 
takings in small (or large) communities. 
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A SEPTIC TANK DESIGNED FOE A SMALL VILLAGE.* 

BY B. H. HUNTER, C. B., CHIEF ASSISTANT TO DARTMOUTH COLLEGE 

ENGINEER, HANOVER. 

There is no doubt in the mind of any one, I think, that the time is not 
far distant when a sewage disposal plant will be a necessity in every well- 
regulated city and town, and will no longer be considered in the light of a 
luxury, as is the case to a considerable extent at the present day. Already 
the state legislatures are discussing, and in some cases have adopted, meas- 
ures to protect the river cities and industries from the nuisance caused by 
the discharge of sewage into the streams. In many cities, as in the case 
of Albany, N. Y., the river water has become so polluted by sewage from 
the cities farther up the river that the water supply has been affected, 
and extensive filters have been installed to purify the water. This is start- 
ing at the wrong end of the problem; the sewage should be filtered or other- 
wise purified, and in this way leave the streams and rivers clean, ready to be 
used for a water supply at any point. As I said in the beginning, I think 
there is no question but that the general establishment of sewage disposal 
plants is a work laid out for the near future. 

Although this is a comparatively new project, there are today a great 
many sewage disposal plants of various designs, most of them doing good 
work. It is not within the scope of this paper to enter into a lengthy dis- 
cussion of the different kinds of filters and various schemes for the purifi- 
cation of sewage; I shall simply mention a few of the most important ones. 

The most common and one of the most efficient is, perhaps, the sand 
filter. If land is of little value and sandy soil is near by, a sand filter can 
be built at very slight cost. These are being operated as continuous and 
intermittent filters, but have been found more efficient when working inter- 
mittently, although this generally requires the services of an attendant and 
considerable area. 

Chemical precipitation is being used quite extensively but is found very 
expensive to operate. The three items of expense, — attendance, chemicals, 
and removal of sludge, — are all very heavy. It has been found very effi- 
cient, however, in removing obnoxious acids and other elements in the sew- 
age from mills and other manufacturing establishments. 

The so-called bacteria beds, although not so extensively used as the two 
forms just mentioned, have been found to produce good results. They are 
operated in a cycle and are very similar to the septic tank system. 

The septic tank in its primitive form, the cesspool, has been used for 
generations, but it has remained for the science of today to discover its real 

*Read at the School of Instruction and Sanitary Conference, 1902. 
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value. Since its installation at Exeter, Eng., for the purpose of purifying 
sewage, it has been almost constantly before the engineering world. It 
does its work in a most efficient manner and requires almost no care or 
attendance. Contact beds and sand filters are often operated in conjunc- 
tion with the septic tank. The contact beds, which are made from coke, 
cinders, or gravel, are operated intermittently, as are the sand filters, but 
on account of the greater amount of voids will handle more sewage per 
square foot in a given time. 

All of these systems with the exception of chemical precipitation depend 
entirely upon bacterial action and are in no way designed to fulfill any 
of the conditions of mere mechanical filtration. 

For a small community the choice is of necessity reduced to one of two 
or three systems, and the local conditions of the individual town will 
further eliminate the possibilities. 

The action of the septic tank and contact beds at Exeter, Eng., and the 
results obtained from the tank alone at Champaign, HI., furnish ample 
data for designing these two systems of filtration. So satisfactory have 
been the results at Champaign that in a great many cases one would be 
justified in recommending simply the septic tank without filters. This 
tank at Champaign holds less than two hours' flow, but succeeds in that 
short time in reducing the matter in suspension 94 per cent, and accom- 
plishes an average reduction in the organic matter in solution of 17 per 
cent. These results were obtained in cold weather, which makes fair the 
statement that this is the lowest efficiency the tank will show. The Ex- 
eter tank is filled only once in twenty-four hours and the effluent is then 
flowed intermittently onto coke contact beds. The results obtained as 
shown by analysis of the filtrates are as follows: Average diminution of dis- 
solved oxidizable organic matter equal to 81 per cent; of free anmionia, 55 
per cent; of albuminoid ammonia, 63 per cent; and practically all of the 
suspended matter is removed. 

In designing this plant I have had these two constantly in mind and 
have endeavored to improve on both by combining with their best points 
some of the suggestions of Mr. Clark of the Massachusetts Experiment 
Station at Ijawrence, Mass., who has made somewhat extensive experiments 
on this method of filtration. 

THE PLANT. 

The plant should be placed near the outfall of the main sewer of the 
town. As a basis for an estimate of the size of the tank, and also for the 
beds, if one decides to use the contact beds in conjunction with the tank, 
the water consumption of the community may be used. This will gener- 
ally give a very fair estimate. A more accurate determination, and one I 
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should recommend, may be made by constructing a weir and automatically 
registering the flow by an arrangement of floats and clockwork. This 
register should be verified at least once a day by an ordinary measurement 
of the depth of the flow. The maximum flow at Hanover, as determined 
by the readings taken in this manner, was .25 cubic feet per second and 
is maintained for from six to eight hours per day. I shall take this as the 
basis for my design. 

To prevent flooding the tank in times of heavy storms a head manhole 
must first be planned which will divert anything over the maximum flow 
directly into the river or brook. Knowing our maximum flow, the size of 
a weir is easily calculated which will accommodate only this flow. If on 
a level with the top of this weir we construct a broad flat weir leading to 
the overflow, then anything in excess of the dry weather flow will be taken 
care of. 

From the head manhole the sewage is conducted down a steep pitch 
through a reduced pipe to the grit chambers. The reduction in the size 
of the pipe and the pitch deliver the sewage to the grit chambers with a 
great velocity, so that the grit is kept constantly stirred and the sludge 
prevented from stopping. These grit chambers need be only large enough 
to accommodate a moderate amount of sand and other foreign matter, and 
aiford a good chance for cleaning. From the grit chamber the sewage 
rises into the tank proper. This is simply a covered box built entirely of 
cement concrete. If we are to accept the testimony of Mr. Clark, it is not 
necessary that the tank be covered, but in view of the fact that all the 
tanks from which we take our data are built in the former manner, and 
taking into consideration the severity of our climate, it would seem better 
to specify a covered tank. 

The tank is divided by a partition which allows one half of the tank to 
be shut off and cleaned independent of the other half. The septic tank 
should be designed so as to be filled four to five times a day at the maxi- 
mum rate of flow. This will allow from five to six hours for the anaerobic 
action to take place. The anaerobic bacteria reduce the greater part of the 
suspended organic matter and part of the matter in solution to mineral 
substances. What aerobic action there is takes place in the thick scum 
which forms on the surface of the sewage. It is to give the aerobic bacteria 
a chance to finish their work that the contact beds are generally added to 
the system. If the plant is to consist of the septic tank alone, the effluent 
is taken from the tank and flowed through an aerator and thence dis- 
charged into the stream. A very efficient aerator is made by flowing the 
effluent over a broad flat weir and then over a paddle wheel, all of this 
taking place under a glass roof. Churning the water up in this manner in 
the bright light tends to exterminate any disease germs which may have 
been brought from the tank. 
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Where the contact beds are used the effluent is led from the aerator onto 
large tanks fQled with coke, breeze or cinders, graduated in size from two 
inches to three inches at the bottom to the size of a walnut at the surface. 
There are generally five or six beds, four of which are operated at one 
time. By an automatic arrangement the effluent from the septic tank is 
first led onto bed No. 1; after this is filled the effluent shuts itself ofE from 
bed No. 1 and begins to run onto bed No. 2; when this in turn becomes 
filled the effluent goes onto bed No. 3 and so on aroimd. In each bed 
the sewage remains until the bed next to it is filled, when the valve in the 
underdrain is automatically opened and the effluent passes out. Each 
bed in turn rests while the bed third from it is filling. The operation is 
continuous and without the assistance of an attendant. Allowing for a 
daily flow of 135,000 gallons, which is somewhat in excess of the flow we 
have assumed, each bed would be fiUed once in eight hours. This means 
that the cycle for each bed is two hours filling, two hours setting, two 
hours emptying, and two hours resting. During this time the aerobic 
bacteria are completing the work in the reduction of the matter in solu- 
tion. 

On account of the severity of the climate a cover should be specified for 
the filters, and a small brick house should be over the alternating gear. 
This latter may be kept warm by a gas jet supplied from the septic tank. 

Below is appended an approximate estimate of the cost of the plant as 
planned: 

HEAD MANHOLE. 

23/4 cubic yards brick @ $10 $27.50 

l^ cubic yard concrete @ $6 3.00 

12 feet 8 inches pipe @ $0.13 1.70 

1 flapper 2.00 

1 manhole cover 10.00 

2 weirs @ $2 4.00 

$48.20 
SEPTIC TANK. 

88 cubic yards concrete (walls) @ $5 $440.00 

23 cubic yards eoncret© (floor) @ $5.50 126.50 

35 cubic yards concrete (roof) @ $5.50 192.00 

Aerator 5.00 

Glass roof 10.00 

Wood bulkhead 5.00 

2 4-inch gute valves @ $10 20.00 

2 3-inch gate valves @ $5 10.00 

2 2-inch gate valves @ $2 4.00 

70 feet 10-inch pipe @ $0.22 15.40 

150 feet 4-inch pipe @ $0.06 9.00 

5 manhole covers @ $10 50.00 

500 cubic yard* excavation @ $0.15 75.00 

$961.90 
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FILTEB8. 

88 cubic yards concrete (walls) @ $5 $440.00 

43 cubic yards concrete (floor) @ $5.50 236.50 

70 cubic yards concrete (roof) @ $5.50 385.00 

5 cubic yards brick @ $10 50.00 

4 cubic yards brick (gear house) @ $10 40.00 

Roof (gear house) 20.00 

175 feet 10-inch split pipe @ $0.22 38.50 

30 feet 10-inch pipe @ $0.22 6.60 

150 feet 8-inch pipe @ $0.15 22.50 

105 feet 6-inch pipe @ $0.09 9.45 

300 feet 4-inch pipe @ $0.06 18.00 

5 tanks @ $5 25.00 

10 valves @ $5 50.00 

200 feet chain @ $0.05 10.00 

5 manhole covers @ $10 50.00 

1,250 cubic yards excavation @ $0.10 ; 125.00 

105 tons coke @ $4 420.00 

Cinders •. . 30.00 

$1,976.55 

SrMMABY. 

Head manhole $48.20 

Septic tank 961.90 

Filters 1,976.55 

$2,986.65 
Add 10 per cent 298.66 

$3,285.31 
Note. — All concrete to be made in the proportions of 6-3-1. 

This is, in brief, a description of a sewage purification plant such as 
almost any small town could adopt. It is simple in construction, may be 
built at a small cost, requires but little expense for maintenance, and is 
very efficient. While I should recommend the use of the contact beds 
in connection with the septic tank wherever practicable, still, as some 
one has said, it is very probable that the effluent from the septic tank 
is as free from organisms as many of the streams into which we are now 
discharging our sewers. When such a satisfactory remedy as this is at 
hand there is but little excuse for the continued pollution of our streams 
and rivers. 
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THE STRUGGLE AGAINST CONSUMPTION.* 

BY EDWARD 0. OTIS, M. D., BOSTON. 

More than seventy-five years ago one of the most eminent physicians 
of his time, the celebrated Louis of France, wrote the following words: 
"Phthisis (consumption) almost invariably terminates fatally after a 
space varying between a few weeks and several years.'' Sixty-four years 
later another eminent physician of France, Professor Bouchard of Paris, 
concluded a lecture as follows: "This disease (consumption), which has 
such a strong hold on humanity, is curable in the larger number of cases.'' 
Which of these contradictory statements is correct? Let us refer to some 
recent clinical results for the answer. 

The two most prominent sanatoria for the treatment of pulmonary 
tuberculosis in this country are those at Rutland, Mass., ^nd Saranac in 
the Adirondacks. In the fifth annual report of the sanatorium at 
Rutland, for the year ending September 30, 1901, Dr. Clapp, one of the 
visiting physicians, reports 67 per cent of the incipient cases as apparently 
cured or arrested, and of all cases in all stages of the disease 50 per cent as 
apparently cured or arrested. Dr. Bowditch, the other visiting physician 
at the same institution, reports 79 per cent of the purely incipient cases 
as arrested, and of all cases in all stages 42.23 per cent as arrested, and 
by ^^arrested" he means, as he says, cases in which cough, expectoration, 
bacilli, and fever have disappeared, and where the appearance and gen- 
eral condition have been those of health. The term "cured," or ^^appar- 
ently cured," he does not use until, after the lapse of one or two years, the 
patient shows no symptoms of relapse. 

In the seventeenth annual report of the Adirondack Cottage Sanato- 
rium at Saranac, for the year ending November, 1901, Dr. Trudeau, the 
physician in charge, reports that of 173 patients discharged during the 
year, in various stages of the disease, forty-five were apparently cured and 
in seventy-nine the disease was arrested. "Some sanatoria," says Knopf, 
"claim as many as 70 per cent of cures where the patients are admitted 
to treatment in the incipient stages, and I have reason to believe," he 
continues, "that these figures are exact, for pulmonary tuberculosis in 
the earlier stages is, indeed, one of the most curable of all chronic dis- 



eases." 



The evidence is overwhelming that consumption is abundantly curable, 
both with and without treatment, for autopsies made upon individuals 
dying of other diseases frequently show cured foci of tuberculosis. "As 
for my personal experience at the morgue in Paris," said Professor Brouar- 

•Read at Concord, N. H., April 29, 1902, before the New Hampshire Association of Boards 
of Health. 
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del at the British Congress on Tuberculosis last summer, *^where I fre- 
quently made post-mortems on accidental deaths, I can state that in hall 
the cases, if the person on whom the post-mortem is made has lived in 
Paris for about ten years, I find healed tuberculous lesions. Phthisis 
is, therefore, curable, he concludes, even in its most advanced stages. 

At this same congress Professor Koch remarked in his memorable ad- 
dress that it must be regarded as an undisputed fact that tuberculosis is 
curable in its early stages. Those of us who have had much to do with 
this disease can corroborate these statements from our personal experience, 
although of course the earlier the case of consumption comes imder treat- 
ment the better the chances for recovery, yet the disease can be arrested 
in all stages. 

"I suppose you receive only the incipient cases,^^ I remarked last sum- 
mer to Dr. Walther, who is the physician in charge of Nordrach, one of 
the most famous sanatoria in Europe. "I take any case that comes,^^ he 
replied, '^for I cannot tell what case will and what will not recover.^^ At 
the present time I have under observation a young girl who had disease 
of both lungs with cavity in one, and when she first applied at my clinic 
she manifested all the symptoms of advanced disease. Now, after a year 
or two of the open-air treatment, she looks the very picture of robust 
health, and is able to support herself by working. 

Consumption, then, is curable. There is no shadow of doubt regard- 
ing this fact. The question immediately arises as to the treatment. How 
is consumption cured? Not by drugs, but by what is known as the hygi- 
enic, dietetic treatment, which in brief consists in constant exposure to 
pure fresh air day and night; abundant and proper food; scrupulous avoid- 
ance of over-fatigue either mental or physical, and, in brief, such care of 
the bcdy as will strengthen, harden, and finally render it an unsuitable 
soil for the tubercle bacillus. Sometimes complete rest for days or weeks 
is imperative in the course of treatment. Sometimes moderate exercise is 
allowable. This treatment seems easy in the telling, but it requires 
strenuous exertion to carry it out, and for many natures it is almost an 
impcssibility outside of a sanatorium. One has to be trained to it, and 
kept up to it by constant, continuous, firm supervision. I am sometimes 
almost inclined to think that, after all, the greatest value of the sana- 
torium is in this training, and I quite agree with Anders, who says "the 
principal advantages offered (in the sanatorium) are due to a rigid sys- 
tem of hygiene under the close supervision of competent medical officers.^' 

With the poor it is well-nigh impossible to carry out this treatment at 
home; hence the incalculable value of state sanatoria for this class, and 
the obligation of the state to furnish such provision. Many states in 
this ccuntry are now recognizing this duty, I am glad to say. No other 
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treatment or attempted treatment has stood the test of time but this, i^ 
open air treatment, as best exemplified in the sanatorium. It has pro- 
duced and is producing the most favorable results, unapproachable Iqr 
those of any other method. 

This established fact of the curability of consumption and its easy and 
great curability in the early or incipient stage, and the only successful 
method of cure, the open-air treatment, cannot be too strongly impressed 
upon the medical profession and the public. The former, the physicians, 
must discover the disease early, for that is the golden opportunity for treat- 
ment. As Prof. Clifford Albutt well says, "There has been much supine- 
ness in the matter of early diagnosis and supineness bred of pessimism, of 
despair. Let us bring the inspiring message of optimism, of enthusiasm, 
and let every physician, however modest his sphere, remember that upon 
his alertness depend the life of the sick man and the stamping out of 
infection. The incipient case of today is the advanced case of tomorrow. 
Ifever let mnscular strength, red cheeks, or a well-formed chest blind 
us to canker within^^ (Address delivered at the British Congress on 
Tuberculosis). 

In the writer^s judgment, every person who consults his physician, 
complaining of being run down, of loss of strength, shortness of breath, — 
whether or not he has a cough, — should receive a very careful examinatioii 
of the lungs. On the other hand, the people should likewise seek medi- 
cal advice when they feel conscious of loss of strength, weight, and appe- 
tite, or begin to be a little short of breath. When the diagnosis of pulmo- 
nary tuberculosis is once made, the patient should be frankly told the 
nature of his disease, and the vital importance of immediate recourse to 
the open-air treatment with all that that implies should be impressed upon 
him. He should be made to understand that only by strenuous, persis- 
tent, patient effort can he recover, and that medicine is of very secondary 
imp( rtance. He should also be carefully instructed as to the means of 
avoiding infecting others. 

But prevention is better than recovery, even if the latter were assured 
in every case, and prevention is possible, because we now know the true 
nature of the disease. We know that it is caused by a parasite, the 
tubercle bacillus, and hence is infectious, contagious, or communicable. 
We know that the channels by which this infection is conveyed are accessi- 
ble and controllable, and that they are chiefly the dried sputum of a 
patient suffering from the disease. "This parasite,'' says its renowned 
discoverer, "is a visible, palpable enemy which we can pursue and anni- 
hilate, just as we can pursue and annihilate other parasitic enemies of 
mankind." If it were practicable to isolate every patient at the present 
time afflicted with pubnonary tuberculosis the disease in a comparatively 
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Aort period of time would be stamped out as completely as leprosy was 
in central Europe in the Middle Ages, through isolation in leper houses. 
Of course isolation in every case is impracticable and we must, therefore, 
proceed on less drastic and slower means. We must, so far as possible, 
control the tuberculous sputum, and at the same time do what we can to 
render the human soil unsuitable for the growth of the tubercle bacillus. 
Tliis latter is accomplished by whatever means tend towards the improve- 
ment of the health of the people: better sanitation, public and private; 
improved housing; better preparation of food; more fresh air in living and 
sleeping rooms. 

In a recent conversation with one of the commissioners of Minnesota, 
who were investigating the subject of state sanatoria, he told me that 
consumption was most prevalent in his state (Minnesota), not in the 
crowded portions of the cities, as is most frequently the case, but among 
the Scandinavian farmers in the country districts, and the cause 
assigned — which I doubt not was the correct one — ^was that during the 
cold winters the farmer shut up his house tight and breathed and re- 
breathed the same impure air. May not this state of things be a common 
one among the New Hampshire farmers? Further, sufficient rest after 
labor, personal care and cleanliness, and the education of the individual 
in habits of wholesome personal hygiene are all important. In brief, all 
sanitary measures which will render our houses, streets, towns, and our- 
eelves clean and healthy tend towards rendering the individual sterile to 
the tubercle bacillus. 

To control the tuberculous sputum, we must, as far as possible, have 
knowledge of the existing cases of consumption; hence the reason for com- 
pulsory notification. The people must be instructed as to the dangers of 
promiscuous spitting. As you are aware, laws against this habit now 
exist in many places. We must instruct the tuberculous and their fam- 
ilies and friends how safely to dispose of the sputum, and that whenever 
the patient arrives at the stage of softening and is confined to his bed, he 
should be placed in a room by himself, for there is always the possibility 
of infection when others occupy the room with him. Again, the room 
which has been occupied by a tuberculous person should be sufficiently 
cleaned and disinfected. 

Sanatoria should be provided at the expense of the state or community 
for the poor consumptive who is in the curable stage of the disease, and 
means of isolation in a consumptive hospital or other institution for the 
advanced hopeless cases who, from ignorance, helplessness, or willfulness, 
cannot or do not safely dispose of their infectious sputum. Further, the 
question of permitting a tuberculous individual, with tubercle bacilli in 
his expectoration, to pursue his occupation where infection to others is 
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possible through the so-called drop infection from cough or carelessness 
in care of the sputum, is one of serious consideration. A cook, waiter^ 
janitor, clerk, house servant, teacher, pupil, baker, or. one who handles 
food of any kind, may be the medium of spreading tuberculosis, if he is in 
tlie infectious stage, and evidence is not wanting to prove this. If such 
persons are removed from their occupation for the public protection, 
should not the public in turn afford them suitable treatment as well as 
isolation in a sanatorium, and in addition some support to their families 
bereft of the wage-earner? 

All this seems a colossal undertaking, but the example of other states 
and countries teaches that it can be done, and the loss and suffering 
entailed by this most prevalent and destructive disease warrant, nay, 
demand the effort. The public or state sanatorium subserves three most 
important purposes: 

First. It affords the best means of cure. 
Second. It isolates the consumptive. 

Third. It sends forth teachers, in its cured patients, of wholesome 
hygienic living and of the avoidance of danger from the sputum. 

Since the discovery that pulnionary tuberculosis is communicable an 
obligation is put upon the state to protect itself, as in the case of other 
contagious diseases, and in doing so to afford the unfortunate victim of 
the disease an opportunity of recovery when private means are wanting 
for this purpose. It is, moreover, an economic measure, for consumption 
is most prevalent at the most efficient working period of a man^s life, 
and the value of the labor of those saved by sanatorium treatment will, 
in the long run, more than compensate for the outlay in the construction 
and maintenance of the sanatorium. 

The insurance societies of Germany which insure against sickness and 
old age are finding it more economical to send their consumptives to a 
sanatorium and have them again returned to their work with their disease 
cured or arrested than to pay them insurance through the long disablement 
caused by the progressing disease. The statistics of the German Imperial 
Board of Insurance show that in 1897 and 1898, 8,200 insured men and 
women were treated, and of these 5,848, or 71 per cent, left the sanatoria 
fit for work (Hillier, "International Aspect of the Control of Tuberculo- 
sis,'' read at the British Congress on Tuberculosis). 

Since the people of Massachusetts have observed the marvelous results 
of ihe sanatorium treatment at Eutland, and the instruction spread broad- 
cast over the state as to the avoidance of the disease, through those treated 
and cured at the sanatorium, they not only willingly and eagerly tax 
themselves for the continued maintenance of this institution, but there 
is at the present time a bill before the legislature of that state for as 
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Appropriation for a second similar institution. Almost every country 
now recognizes the value of the sanatorium. Germany at the present 
time has sixty-eight sanatoria for its poor consumptives and nineteen for 
paying ones, affording accommodation in the course of a year for twenty 
thousand patients. England has many free and paying consumptive hos- 
pitals and sanatoria. Recently Sir Ernest Cassel placed at the disposal 
of the king $1,000,000 which his majesty proposes to devote to the estab- 
lishment of sanatoria, in view of the enormous prevalence of tuberculosis. 
Russia, France, Austria, Belgiim:!, Norway, Holland, Italy, Canada, Spain, 
Cuba, and others either have sanatoria alreadv established or in construe- 
tion or contemplation. In this country every New England state and 
many of the middle and western ones have now bills before their legisla- 
tures either for an appropriation for a sanatorium or the appointment of 
a commission to consider the matter. In a comparatively few years I 
feel certain that at least the majority of the states will have one or more 
sanatoria, and thus we shall see the whole civilized world successfully and 
humanely treating their consumptives, and in just so far protecting them- 
selves. 

In the Middle Ages who ever thought that leprosy, then well-nigh uni- 
versal over western 'Europe, would ever be exterminated? But leper 
houses accomplished it. I do not mean, however, to say that sanatoria 
alone will exterminate consumption, though they wiU greatly aid in so 
doing. We must also labor, as I have indicated, in the way of general 
prophylaxis. Educate the public as to the danger of infection. Teach 
them that in the consumptive, and in him a] one, resides all the danger, 
and that when he expectorates or coughs out tubercle bacilli in his sputum 
where it can become dried, then the army of infecting micro-organisms is 
on its march of death and destruction, for it has been estimated that a con- 
sumptive emits daily 800,000,000 tubercle bacilli. We must labor to 
disabuse the public of their old erroneous ideas of consumption regarding 
its incurability and inheritance. It is most difficult to eradicate this set- 
tled conviction of inheritance, and most people, I suspect, still believe it. 
It was a very natural conclusion to draw when one saw member after mem- 
ber of the same family succumb to the disease. "Now, however,'' says 
Koch, "it has been demonstrated by thorough investigation that though 
hereditary tuberculosis is not absolutely non-existent, it is, nevertheless, 
extremely rare, and we are at liberty, in considering our practical meas- 
ures, to leave this form of origination entirely out of account.'' 
^ Associations for the prevention of tuberculosis now exist in almost every 
civilized country, whose object is to disseminate information regarding 
tuberculosis; to educate public opinion; to aid state and local boards of 
health, and to initiate efforts in various ways towards prevention. An 
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immense amoimt of good work has already been accomplished by these 
means. I have only to refer, as an example of this kind of effort, to the 
great National Association for the prevention of tuberculosis of England, 
with its local branches, which culminated in the Congress on Tuberculosis^ 
held in London last simimer. How much can be accomplished by these 
various methods of prevention is shown by the decrease of mortality from 
tuberculosis in Prussia in the years 1889 to 3897, as quoted by Koch in 
his address before referred to. Before 1889 the average mortality was 
31.4 per 10,000, while from 1889 to 1897 it was only 21.8 per 10,000, 
which meant that in that space of time the number of deaths from tuber- 
culosis were 184,000 less than was to be expected from the average of the 
preceding years. Again, in New York the mortality from tuberculosis 
has diminished more than 35 per cent since 1886. Li all I have said I 
have taken it for granted that we all realize the enormous prevalence of 
tuberculosis, and that it is a universal plague, annually destroying 
3,000,000 in the whole world and infecting yearly about 15,000,000, an 
appalling number, indeed. But our hope in the struggle is founded upon 
four great facts: 

First. That pulmonary tuberculosis is contagious and not inherited. 

Second. That it is avoidable. 

Third. That it is curable. 

Fourth. That the sputum of the consumptive is the main source of in* 
fection and that this is accessible and can be controlled. 

I close with the words of a recent writer, himself a victim of tubercu- 
losis and cured by the sanatorium treatment at Nordrach: "When every 
consumptive who needs it will receive sanatorium treatment at the gen- 
eral expense, and be insured, where necessary, suitable work and life con- 
ditions thereafter, then will the days of this scourge be numbered. Then 
will man no longer be called upon in the bloom of his manhood to face^ 
with his mental faculties unimpaired, a death by inches. Then will 
break the dawn for a healthier and happier people'' (James Arthur Qib- 
son, "Westminster Eeview,'' April, 1902). 
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definition of cause 206 
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